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REMARKS 

Applicants have cancelled claims 1 to 12 without prejudice, and have replaced them with 
new claims 1 3 to 3 1 . These new claims add no new matter. Support for the new claims is found 
in the originally filed claims and throughout the specification. 



The Invention 

The invention relates to the generation and application of novel retroviral vectors for cell- 
specific gene transfer. More specifically, the invention relates to retroviral vectors that 
encompass viral cores derived from the murine leukemia virus (MLV) and envelope proteins 
derived from human immunodeficiency virus (HIV) or simian immunodeficiency (SIV). These 
retroviral vectors can be used, for example, to transfer genes into selected cell types, such as 
CD4-positive mammalian cells. The invention also covers methods of preparing packaging cells, 
and the packaging cells themselves, that can produce these new retroviral vectors, as well as 
methods of using the new retroviral vectors. 

Priority 

Applicants enclose herewith a certified copy of German Patent Application No. 
19707971 .7 filed on February 27, 1997, along with a copy of a verified translation. Thus, 
applicants are entitled to the February 27, 1997 filing date. 

Claim Objections 

Claims 1 to 8 have been rejected for a variety of informalities. New claims 13 to 3 1 
address and overcome these informalities. For example, the term "expression gene" as cited in 
original claims 4, 5, and 7 has been replaced by the term "expression construct," in the new 
claims, which is supported, e.g., on page 1, line 22, of the specification as filed. Applicants have 
taken the Examiner's other suggestions into consideration as well. 



35 U.S.C § 1 12, Second Paragraph 

Claims 1-12 have been rejected as being indefinite for failing to particularly point out and 
distinctly claim the subject matter that applicant regards as the invention. 
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Applicants submit that new claims 13 to 31 omit or clarify each of the alleged indefinite 
terms or phrases and thus overcome these rejections. 

In particular, applicants make the following comments. To overcome the examiner's 
objections to claim 1, applicants submit new claim 13, wherein the plural forms of "retroviral 
vectors, viral cores, virus envelopes and envelope [and transmembrane] proteins" have been 
changed to singular. Furthermore, the "surface envelope protein" as cited in line 3 of claim 1 has 
been specified as "full-length surface envelope protein," which is supported on page 3, lines 12- 
13, of the specification as filed. 

The Office Action further indicated on page 4, 2nd paragraph, that it is unclear to which 
envelope protein the "truncated variant" of claim 1 refers. The "truncated variant" has been 
further defined by inclusion of the term "transmembrane," which is supported at page 3, lines 12- 
17, and lines 29-33, of the specification as filed. 

The Office Action states that claim 2 is indefinite, because it is not clear to which virus 
envelopes or what part of the virus envelops are being referred and because the term "derived 
from" is allegedly unclear. Without agreeing with the Examiner's conclusions about these terms, 
applicants submit that new claim 15 clarifies these points. 

Claim 3 was deemed indefinite for the same reasons as mentioned above for claim 2. 
Again, applicants submit that the viral envelopes are clearly defined in claim 1, from which new 
claim 16 depends. The Office Action further indicated that the recitation "which is elongated by 
the C-terminus" in claim 3 is unclear. To overcome this rejection, applicants have amended the 
respective passage in new claim 16, which now reads "wherein the truncated variant of the 
transmembrane envelope protein is modified by fusion to the C-terminus or of any other 
fragment of the transmembrane envelope protein of a murine leukemia virus (MLV) or of any 
other retrovirus." This amendment is supported on page 4, lines 2-4, of the specification as filed. 

The Office Action also objected to the subject matter of claims 4 and 5 for being 
allegedly indefinite for various reasons. To overcome these objections, applicants have 
submitted new claims 17 and 18, which take the Examiner's suggestions into account. New 
claim 17 is supported, e.g., on page 1, lines 23-24, page 3, lines 19-22, and on page 4, lines 10- 
15, whereas new claim 18 is supported, e.g., on page 1, lines 23-24, page 3, lines 19-22, and on 
page 4, lines 17-22, of the specification as filed. 
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Claim 6 has been replaced with new claim 19 to overcome the lack of insufficient 
antecedent basis for the "cell line TELCeB6. n Claim 7 has been replaced by new claim 20, 
which deletes the second "or," because the env-expression construct can be either pLiJAc/env- 
Tr712-neo or one of the various pRep env-deletion variants. 

The Office Action rejected claim 8 for being incomplete because it allegedly did not 
make clear which packaging cells are actually obtained. New claim 21 clearly specifies that the 
term "packaging cells" refers to the "packaging cells" of claim 17. 

35 U.S.C § 101 

Claims 9-12 have been rejected because according to the Office Action, the claimed 
recitation of a use, without setting forth any steps involved in the process, results in an improper 
definition of a process. Applicants have rewritten original claims 9 to 12 as new composition 
and method claims 22 to 3 1 , which fully meet the requirements of35U.S.C. § 101. This 
rejection should, therefore, not be applied to the new claims. 

35 U.S.C § 1 12, First Paragraph 

Claims 6, 7, and 9-12 have been rejected as allegedly containing subject matter that was 
not described in the specification in such a way as to enable one skilled in the art to make and/or 
use the invention. Applicants respectfully traverse this rejection in view of the new claims and 
for the following reasons. 

According to the Office Action (at page 8): 

The application discloses cell lines (TELCeB6) and expression plasmids 
(pipAc/env-Tr712-neo and pMB2) that are encompassed by the definitions for 
biological material set forth in 37 C.F.R. § 1.801. Because it is apparent that this 
biological material is essential for practicing the claimed invention, it must be 
obtainable by a reproducible method set forth in the specification or otherwise be 
known and readily available to the public as detailed in 37 C.F.R. § 1.801 through 
1.809. 

The specification does not teach how to reproducibly construct these 
biological materials from starting materials known and readily available to the 
public and it is unclear whether this biological material is readily available to the 
public. Availability of such biological material is deemed necessary to satisfy the 
enablement provisions of 35 U.S.C. § 1 12. If this biological material is not 
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obtainable or available, the requirements of 35 U.S.C. § 1 12 may be satisfied by a 
deposit of the biological material. 



Applicants submit that the construction of the packaging cell line TelCeB6 cell line is 
described in Cosset et al., 1995, J. Virol 69(12):7430-7436 (a copy of which is attached as 
Exhibit 1). The expression plasmid pLBAc/envTY712-neo is disclosed in Wilk et al., 1992, 
Virology 189:167-177 (already cited by the Examiner in this case), and in Krausslich et al, 
1993, Virology 192:605-617 (Exhibit 2), as already stated on page 4, lines 17-20, of the 
specification as filed. The starting plasmid pMB2 is described in Baier et al., 1989, J. Virol. 
63:5119-5123 (Exhibit 3). 

Applicants submit that those of skill in the art can easily prepare the cell lines and 
plasmids described in the application and carry out the claimed invention by following the 
teachings in the present specification and the references cited therein. A deposit of these 
biological materials is therefore not required. 

Next, the Office Action states that 11 [although claims 9-12 recite non-statutory 
embodiments not subject to examination, to the extent that the claims are amended to recite 
pharmaceutical vector compositions or their use in methods for in vivo administration to patients 
in need thereof, the claims read on gene therapy which are not enabled by the present disclosure" 
(at page 9). The Office Action also states that the specification "does not provide an adequate 
written description teaching one of ordinary skill in the art how to make and use the claimed 
invention to treat any disease using gene therapy (at page 10, last sentence of the Office Action). 

Applicants submit that those skilled in the art would know from the prior art how to use 
the vectors of the present invention for gene therapy. The Office Action recites the factors to be 
considered in determining enablement as summarized in In re Wands , 858 F. 2d 731, 8 
U.S.P.Q.2d 1400 (Fed. Cir., 1998), and then cites various journal articles to support the position 
that the specification allegedly does not address the problems associated with treating diseases 
using gene therapy. However, these journal articles do not recite the use of applicants 1 new 
retroviral vectors. Applicants respond to the individual points raised in the Office Action as 
follows. 
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Nature of the invention and state of the prior art Applicants acknowledge the 
Examiner's citation of the Anderson and Verma et al. papers, but note that applicants new 
retroviral vectors address the so-called !, Achilles heel of gene therapy," gene delivery. The 
disadvantages and problems of gene therapy employing retroviral vectors are discussed in Lodge 
et al., Gene Therapy 1998, 5: 655-664, "MuLV-based vectors pseudotyped with truncated HIV 
glycoproteins mediate specific gene transfer in CD4+ peripheral blood lymphocytes" (copy 
enclosed as Exhibit 4). 

Lodge describes certain disadvantages associated with the use of retroviral vectors such 
as, for example, low transducing efficiency, which is due, in part, to the fact that many retroviral 
vectors are not targeted to specific cell types (see, e.g., Lodge et al., page 655, left col., lines 10- 
20, of the section "Introduction"). 

According to Lodge, the critical point of retroviral gene therapy is that "whenever 
possible, it will be preferable to use authentic viral envelope glycoproteins exhibiting specificity 
towards the desired targeted cells" (Lodge et al., page 656, left, col., lines 4-6). Applicants 
submit that this critical point is embodied by the present application: the retroviral vectors 
described and claimed in the present application are suitable for selective gene transfer into 
specific cell types, e.g., CD4+ cells (page 4, lines 27-29, p. 5, lines 1 1, p. 17, line 25, and p. 18, 
line 3, of the specification as filed). 

Lodge furthermore M confirm[s] and extend[s] M applicants' data in their Schnierle et al. 
(P.N.A.S., USA, 94:8640-8645, 1997) paper that is also disclosed in the present application, i.e., 
truncation of the cytoplasmic portion of the Env glycoprotein enables its incorporation into 
heterologous MLV virions (see, page 656, left col., 3rd para., of Lodge). Lodge also 
demonstrates that pseudotyped MLV -based vectors specifically infect activated CD4+ peripheral 
blood lymphocytes (p. 656, left col., 3rd para.). 

Lodge concludes, "these results [which correspond to the results obtained in the present 
application as filed] demonstrate the feasibility of using this approach to specifically transduce 
genes into the CD4 expressing cell subpopulation for gene therapy purposes" (p. 656, left col., 
end of 3rd para.). See, also the entire discussion, in which Lodge describes the many benefits of 
using CD4+ cell-targeted MuLV vectors to deliver HIV replication inhibitors in specific cells in 
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AIDS patients. Based on these statements, applicants submit that the Lodge paper supports the 
enablement of the presently claimed invention. 

Predictability of the art According to the Office Action, "the physiological art is 
recognized as unpredictable (MPEP 2164.03)." Applicants agree that there is some level of 
unpredictability in gene therapy on an individual cell or patient basis; however, applicants submit 
that when using the new retroviral vectors of the present application there is an overall 
predictability of success. Based on the data in the application and as described in the Lodge 
paper, applicants submit that the use of the new retroviral vectors for gene therapy is enabled, 
and that successful results are predictable. 

Guidance and working examples. The Office Action alleges that, "the specification 
provides little or no guidance teaching one of ordinary skill in the art how to make or use the 
retroviral vectors recited for treatment of any disease by gene therapy. No working examples 
have been provided" (at page 1 1). Applicants respectfully disagree that "no working examples 
have been provided," and point to the examples in the application, which describe how to make 
and use the new retroviral vectors. In particular, Example 4 describes CD4-dependent 
transduction mediated by the new MLV(SIVagm) vectors (at pages 17-18 of the application as 
filed). Based on this ability to target CD4+ cells, applicants submit that those of skill in this field 
would expect that the new retroviral vectors would also work ex vivo and in vivo. 

Amount of experimentation necessary. The Office Action states that, "[g]iven the 
unpredictable and undeveloped state of the art as described above, it would likely require 
considerable experimentation to appropriately develop the claimed method for treating any 
disease by gene therapy" (at page 11, emphasis added). Applicants submit that the emphasized 
portion of the quotation from the Office Action indicates that the Examiner is speculating as the 
nature of the experimentation required. Although some experimentation may be required, 
applicants submit that given the teachings in the present specification, and the knowledge 
available in the art at the time the present application was filed, any experimentation would not 
be "undue," but would merely be routine. In other words, no new ideas or further invention are 
required to allow one of skill in this field to practice the claimed invention. 

Summarizing, applicants submit that the teachings of the present application, which are 
confirmed by the publication of Lodge, clearly enable the skilled person to use the new retroviral 
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vectors in gene therapy. Because these vectors offer the possibility of specifically transducing 
specific cell, such as CD4+ cells, they circumvent the problems associated with non-targeted 
vectors, such as amphotropic-MLV-based vectors, which transduce targeted as well as non- 
targeted cells. Thus, the new vectors overcome the problems discussed in the prior art cited by 
the Examiner, and this rejection should not be applied to the new claims. 



35 U.S.C $ 102 

Claims 1-8 have been rejected under 35 U.S.C. 102(a) as being clearly anticipated by 
Schnierle et al., (Proc. Natl. Acad. Sci. USA, 94:8640-8645, 1997). 

The Office Action states that applicants cannot rely upon the foreign priority papers to 
overcome this rejection because a translation of these papers has not been made of record. As 
noted above, applicants have filed a certified translation of German application No. 197707971.7 
along with this response. As a result, this rejection can be withdrawn. 

Claims 1-8 have been rejected under 35 U.S.C. 102(f) because the named inventors 
allegedly did not invent the claimed subject matter. According to the Office Action, Schnierle et 
al. (1997) discloses the invention of claims 1-8, and notes at the bottom right of p. 8640, that "B. 
S. S. [Barbara S. Schnierle] and J.S. [Jora Stitz] contributed equally to this work." Thus, the 
Office Action concludes that Barbara S. Schnierle is an inventor of the claimed subject matter in 
the present application. 

Applicants agree that the footnote cited in the Office Action states that "B.S.S. and J.S. 
contributed equally to this work," but respectfully disagree that this statement relates to 
inventorship of the presently claimed invention. In fact, although Dr. Schnierle clearly worked 
on several aspects described in the Schnierle et al. paper, she did not work on any subject matter 
that is claimed in the present application. 

To demonstrate that Dr. Schnierle did not work on the claimed invention, applicants 
submit two additional journal articles from the same laboratory published after the 1997 paper. 
These two papers further describe the claimed invention, but do not name Dr. Schnierle as a co- 
author. Thus, Dr. Schnierle contributed only to specific parts of the 1997 paper, but not to the 
subject matter that is presently claimed. Applicants will now comment on these two papers. 
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First, Stitz et al., Virology, 2000, 267: 229-236, "MLV-derived retroviral vectors 
selective for CD4-expressing cells and resistant to neutralization by sera from HIV-infected 
patients" (copy enclosed as Exhibit 5) focuses on the SlVagm env-pseudotyped MLV vectors, 
which are part of the subject matter of the present application (see for example claims 13 to 15, 
and page 3, lines 5 to 7, of the specification as filed). However, as the Examiner can see, Dr. 
Schnierle is not a co-author of this paper. 

Second, Stitz et al., Biogenic Amines, 1998, Vol. 14(5): 407-424, "High-titer retroviral 
pseudotype vectors for specific targeting of human CD4-positive cells" (Exhibit 6), describes a 
method of creating packaging cell lines corresponding to the method employed in the present 
application, i.e., transfection of TELCeB6 cells with plasmid pTr712 (see p. 413, lines 1-3, of the 
document and page 9, lines 22-23, of the specification as filed) and selection of cell clones (see 
page 413, line 6, of the document and page 9, line 27 of the specification as filed). Again, Dr. 
Schnierle is not a co-author of this publication. 

Based on these two papers, whose contents correspond to part of the presently claimed 
invention, it is clear that since Dr. Schnierle is not a co-author of these papers, she did not 
contribute to the presently claimed invention. Therefore, applicants submit that inventorship of 
the present application is correct, and that Dr. Schnierle is not a co-inventor of the presently 
claimed invention. 

Next, claims 1-5 and 8 have also been rejected under 35 U.S.C. 102(a) as being allegedly 
anticipated by Mammano et al. (J. Virol., 71:3341-3345, 1997). Again, the Office Action states 
that applicants cannot rely upon the foreign priority papers to overcome this rejection because a 
translation of said papers'has not been made of record. As noted above, applicants have filed a 
certified translation of German application No. 197707971 .7 along with this response, so this 
rejection can be withdrawn. 

In addition, claims 4 and 5 have been rejected under 35 U.S.C. 102(b) as being allegedly 
anticipated by Parolin et al. (J. Virol., 68:3888-3895, 1994). Applicants traverse this rejection 
for the following reasons. 

The Office Action states (at page 14): 

Parolin et al. disclose triple-transfection of a packaging cell (COS-1, 
expressing SV40 T) antigen) with "expression genes" encoding HIV-1 gag and 
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pol (via CMVDP1 DenvpA plasmid), along with an "an expression construct, 
comprising a packaging signal (psi) and the genetic information desired to be 
transferred" (e.g. v653 RSN, for example; see p. 3892, left column) and "an 
expression gene that contains the genetic information for envelope proteins of 
HIV or SIV" (pSVIIIenv3-2; refer to cl. 4). It is noted that the claimsdo not 
specifically recite method steps comprising transfection of "packaging cells" (cl. 
4) or "a cell" (cl. 5) comprising MLV "viral cores" with MLV-encoded gag and 
pol proteins (see also 35 U.S.C. 1 12 2 nd rejection above). 

Applicants submit that this rejection should not be applied to the new claims, because 
Parolin et al. describes packaging cells comprising the HIV-1 gag, pol, vif and tat genes (p. 3889, 
left col., section "Packaging System"), which are clearly different from the packaging cells in the 
presently claimed methods for preparing packaging cells. The packaging cells of new claims 17 
and 18 encompass "the gag-genes and the /?o/-genes of MLV." Therefore, applicants submit that 
Parolin et al. does not anticipate the subject matter of new claims 17 and 18. 



35 U.S.C § 103 

Claims 1-6 and 8 have been rejected under 35 U.S.C. 103(a) as being unpatentable over 
Denesvre et al. (J. Virol., 70:4380-4386, 1996) in view of Salmons et al. (Leukemia, 9 
(Suppl.):S53-S60, 1995) and either Wilk et al. (Virology, 189:167-177, 1992) or Zingler et al (J. 
Virol. 67:2824-2831, 1993). Applicants request that the Examiner not apply this rejection to the 
new claims for the following reasons. 

The Office Action assets (at pages 16-17) that 

It would have been obvious to a personal of ordinary skill in the art at the 
time the invention was made to incorporate the teachings of heterologous 
envelope C-terminal truncation and/or substitution mutants and use of the MLV 
retroviral core cell lines of Denesvre et al. (incl. TELCeBe6) to make the 
MLV/HIV pseudotypes of Salmons et al. using the truncated HIV envelopes of 
Wilk et al. or the truncated SIV envelopes of Zingler et al. as well as the 
accompanying packaging and/or producer cell lines resulting therefrom. One of 
ordinary skill in the art would have would motivated to utilize the envelope 
truncation mutants in view of their capacity to promote enhanced heterologous 
viral particle incorporation, infectivity and fusogenicity, and their established 
utility for generating MLV pseudotypes, combined with the accompanying 
predictions for making such pseudotpes as taught by Denesvre et al, and would 
therefore have predicted a reasonable expectation of success. Thus, the invention 
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as a whole would have been prima facie obvious to one of ordinary skill in the art 
at the time the invention was made. 

Applicants respectfully disagree for the following reasons. Before the priority date of the 
present application, there were no reports regarding the generation of HIV/SIV-Env-pseudotyped 
MLV-based vectors or regarding methods to produce such vectors. Applicants submit that the 
combination of Denesvre, Salmons, Wilk, and Zingler fails to provide a reasonable expectation 
of success of preparing the claimed retroviral vectors or the methods to produce them. 
Applicants will discuss each of the cited references below. 

Denesvre describes several experiments investigating the influence of complete, 
truncated, or chimeric Friend murine leukemia virus (F-MuLV) and human T-cell leukemia virus 
type 1 (HTLV-1) transmembrane (TM) protein domains on incorporation into virions and on 
infectivity. As already cited by the Examiner, Denesvre further discloses that "HIV-1 Env 
containing a long cytoplasmic tail is not incorporated into MuLV particles (p.4385, left col, 3rd 
para.), and suggests the "simple rule that retroviral cores allow incorporation of heterologous 
envelopes whose cytoplasmic tails are smaller than that of the original parental envelope" 
(p.4385, left col., 3rd para). 

However, the subject matter of claims 13-19 and 21 of the present invention is directed to 
HIV/SIV-Env-pseudotyped MLV-based vectors, which are able to efficiently infect CD4+ cells 
and to packaging cells that produce such vectors. The Office Action admits that Denesvre does 
"not specifically disclose MLV/HIV or MLV/SIV pseudotype retroviral vectors [or] packaging 
cell and/or producer cell lines which produce these vectors" (at page 16). Thus, the Office 
Action looks to Salmons and either Wilk or Zingler to fill the gaps left by Denesvre. However, 
even this combination of references fails to suggest that it is possible to generate HIV/SIV-Env- 
pseudotyped MLV-based vectors. 

First, the Office Action cites Salmons, which allegedly shows that the HIV-Env protein 
could be used to target expression of MLV-based retroviruses to CD4+-cells through the 
formation of a MLV/HIV pseudotype (at page 16 of the Office Action). However, this analysis 
overlooks the fact that Salmons states that "it appears that a mere co-production of HIV Env in 
an MLV Gag and Pol producing packaging cell line may not be sufficient to ensure efficient 
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production of MLV-HIV-pseudotypes (p. S58, left col., 2nd para of section "Discussion", 
emphasis added). Accordingly, this publication does not predict a reasonable expectation of 
success in obtaining infectious HIV/SIV-Env-pseudotyped MLV-based vectors. Therefore, 
applicants submit that the combination of Denesvre and Salmons does not render the subject 
matter of claims 1 -6 and 8 obvious. 

Of course, the Office Action also cites either Wilk et al. or Zingler et al. However, 
neither of these additional references make up for the defects in the primary references. First, 
Wilk describes the generation of various HIV-1 mutants characterized by the production of env 
gene products truncated within the cytoplasmic C-terminal tail, which did not lead to loss of in 
vitro infectivity and cytopathogenicity (page 167, abstract). However, Wilk further states that 
"the cytoplasmic region in the SIV TM protein must play a role in vivo or in growth on certain 
cell lines" (p. 175, right col., end of 2nd para.), and continues that "[t]runcation of the HIV-1 TM 
protein has not, with one exception, been observed in vivo" (p. 175, right col., end of 2nd para., 
citation omitted). Accordingly, Wilk concludes, "although the cytoplasmic tail of the HIV-1 TM 
protein is not required for glycoprotein incorporation into virus particles and infectivity in MT-4 
cells, it may be required for infectivity in other cell lines and may play a role in vivo" (page 175, 
right col., last sentence). 

In view of these statements, Wilk would not lead a person skilled in the art to generate 
HIV/SIV-env pseudotyped MLV core particles, wherein the transmembrane envelope protein of 
HIV/SIV can be a truncated variant. Instead, applicants submit that Wilk would put the person 
of skill in doubt whether incorporation of a truncated HIV transmembrane envelope protein 
would lead to infectious virions. Therefore, the combination of Denesvre, Salmons, and Wilk 
does not render the presently claimed subject matter obvious. 

Second, the Office Action cites Zingler, which describes various SIV envelope mutants 
containing truncated cytoplasmic domains (p. 2824, abstract), which displayed enhanced 
"envelope density on particles and envelope-mediated cell to cell fusion" (p. 2824, abstract). 
However, Zingler nowhere describes or suggests the use of truncated SIV envelope proteins to 
pseudotype MLV-viral cores. As the Examiner is no doubt aware, the prior art, not applicants 1 
application, must contain the requisite motivation to combine all the cited references. 
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Here, it appears that the Office Action relies on the present application to provide a 

roadmap to show how to combine the references. Of course, this is improper. Even if the cited 

prior art is broadly interpreted to suggest that applicants 1 claimed specific combination might be 

pieced together based on the separate cited disclosures, a rejection based on this suggestion 

amounts to no more than an "obvious to try" rejection, which, according to the Federal Circuit, is 

not the proper standard in an obviousness analysis. Hvbritech, Inc. v. Monoclonal Antibodies, 

Inc. , 802 F.2d 1367, 1380 (Fed. Cir. 1986), cert, denied, 480 U.S. 947 (1987) (an invitation to try 

an experiment is not the proper test for obviousness). The prior art must suggest not only that 

something may be tried, but also that this try would have a reasonable likelihood of success. In 

re Dow Chemical Co. , 837 F.2d 469, 473 (Fed. Cir. 1988)(emphasis added): 

The consistent criterion for determination of obviousness is whether the 
prior art would have suggested to one of ordinary skill in the art that this process 
should be carried out and would have a reasonable likelihood of success, viewed 
in the light of the prior art. ...(Citations omitted). Both the suggestion and the 
expectation of success must be found in the prior art, not in the applicants 
disclosure. 

In the present case, the cited prior art does not suggest applicants 1 claimed combination or 
provide a reasonable likelihood of success for that combination. Summarizing, applicants submit 
that none of the publications cited by in the Office Action, singly or in combination, suggest 
generating HIV/SIV-Env-pseudotyped MLV-based vectors or the new the methods. The present 
invention discloses for the first time that a full-length or truncated transmembrane envelope 
protein of HIV or SIV can be used to pseudotype an MLV-core particle, for use, e.g., to 
efficiently infect CD4+-cells. Therefore, the subject matter of claims 13-31 is novel and 
inventive vis-a-vis the cited prior art. 

CONCLUSION 

Applicants submit that all of the claims are now in condition for allowance, which action 
is requested. Filed herewith is a Petition for Automatic Extension for three months with the 
required fee. No excess claims fee is believed due. However, please apply any other charges or 
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Nove. retroviral pro.ein "P-ion cons^ 
express dominant selectable marker, by '^^^^^^^Zi are resist to iaacti- 

ce.ls were ^^^^ J*iSS ^^K^ttS produce Molonev murine .euk^ 

vstion bv human serum. Two hi iuou-oascu f^^" 1 * * r iK * vAit i' in e\ or at eodoe- 

terns indicated that lOOfold-higber titers of helper-free recombinant cruses nere reieasca . 
FLYRD18 lines. 



Some experimental and clinical gene transfer protocols re- 
quire the design of gene transfer vectors suitable for in vivo 
gene delivery (19). Retroviral vectors are attractive candidates 
for such applications because they can provide stable gene 
transfer and expression (28) and because packaging cells which 
produce non-replication-competent viruses have been de- 
signed (18) However, currently available recombinant retro- 
viruses suffer from a number of drawbacks. First, such vectors 
are rapidW inactivated by human serum, which makes them 
inappropriate for many clinical in situ gene transfer protocols. 
Second, the current split packaging function systems provide 
limited titers of infectious retroviral vectors (10 to 10 mtec- 
tious units [i.u,] per ml). In these cells, the two helper genomes 
have been introduced by cotransfection with plasmids encod- 
ing selectable markers (7, 17, 20). Thus, no direct selection is 
applied to the packaging genome itself, and helper functions 
can be lost during passage of the cells in culture (6). Third, 
while the retroviral vectors prepared from split packaging func- 
tion cell lines are usually not contaminated by replication- 
competent retroviruses (RCRs), other types of recombinant 
retroviruses have been shown to arise spontaneously from such 
cells (4, 9, 22, 31). . 

Here, we report the construction of new packaging cell lines 
designed to overcome these constraints. First, we have previ- 
ouslv shown that inactivation by complement in human serum 
is controlled by the cell line used to produce the virions and by 
viral envelope determinants (37). We now describe packaging 
cells that will produce complement-resistant virus using human 
HT1080 cells and cat virus RD114 envelope. Second, we es- 
tablished direct selection for expression of packaging functions 
bv expressing selectable marker genes after viral genes by reini- 
tiation of translation. Finally, the generation of RCRs involves 
multistep recombinations between vector plasmids and gag-pot 
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and env eenomes provided either by the packagmg plasm.ds (4. 
9 o"r bv endogenous retroviral sequences (J>. 40). The 
pos'sibilitv of eeneration of such RCRs was therefore reduced 
bv decreasing'the viral sequences in the helper constructs The 
new packaeine cell lines were able to transduce belper-free. 
human complement-resistant retroviral vectors at titers cons.s- 
tently higher than 10 7 i.u.. ml. 

MATERIALS AND METHODS 
Cell hK.-4.lmMt. Cell ^^Jg™S*&^^ 

htiuro i vrcc ccu:i>. mrc; iatcc cclph. twiatcc ktb 4.. \<n 

?ATCC CCLM1. and Or (ATCC CCU83! were purchased fror..r* Arnencan 
Tvpe CultuTe Collection. HOS. TE»»1. M» l-U celh and tbe.r clone* 

Jarring the MFGn.slacZ '^^.^^^^dX^\ 
All these cell lines were grown in Dulbecco s modrfed Eagle » medmm . DMEM. 
Oihco-BRLI supplemented with VFr feial calf se»um. 

EM 1 1 >. psiCRE. psiCRELLZ- and ps.CRIP (7|c* £ 
O Dane* and J. M. Heard. GP-EAM12 <m cefc P™""* rn A. 

Bank ms* cell lines and abo NIH 3T3 mu« Sbrcblaso ~re grown .n 
DMEM supplemented with \V> nrrtom call serom. 

precip i .lion method (29) as devribed ^'\^^Tl^^ 
TE67I. and HT1080 cells were selected w«h 3. 6» Imi *uf <*Na4 wid S 
ICM per ml. respectively- and Wasticidin.res.su- cotonxs were rotated - to 3 
weeks Uter Celir.ransfec.ed wuh the vanous em expression pU-mds were 
selected w,.h phleomvcin (CAYLA. 50 ugml for ALF-.rans.ec.ed alls and 10 
"gml for AXF. AF-. and RDF-transfected cells.Phleormcn.rewa.it colonies 
were isolaied . to 3 weeks later 

production of LacZ pstudorype vvuses torn reol^anon^ten, vi- 
ruses ampho.ropic munne leukem.a virus (MLV-A) s.ra,n 1504. ana ca. endo- 
.enous virus RDI 14 was earned ou. a* desenbed 
' Plasmids. The en. gene of pCRIP (kindly ***** ° R D ™ "J ' 
Heard. |f» was excised h> Hp.l-O.1 digesuon. A ^ K \^ 

fragment was ohuuned from pSVZ-bsM kindK P<^<^^! _"f2^' ' 'z £ 
,he template and a pa.r of olieon«le«^ (5 CGC.AATTC^ATCCCAGCT 

CCGCCCACCCGGCCACCATGAAAACATTTAAC^CTC a. .he r end 

a^ V-G ATCCATCG AT.AAGCTTGOTOCTAAAACTTTT at the , end w„h 

Ml and Ci.1 sues, respecmeh Thrs fragmen. «s .nsened .mo the and 

from 'pOXEm .kmdls P r.«.ded In S. J. R«elll «r).-"«h pn**» >he end «f 
Z vwonc munne lcukem.av.rus iMoMLV.jM ge« The resul.^ r ^m«l 
named CeB .F.g. 1 1. could express .he MoMLV m** » ^ £ 

selectable marker, cor.ferr.ng revs.ance to Masuodm S. ho.h dr^en nv (he 
MoMLV 5 long terminal repeat tLTR) peomoia 
A senes ,.f L expresvon ptasmKb were gener,.ed hv us- E :he OA 
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CeB 

621 




•000 
$83? 



MoMLV gag-pol 



?l y 



7676 



polyA 



•in 



?4 nts 



ALF 



CM 

1903 



FB29 LTR 



37 jeoot 

7 4676a MLV env^^ T^ 57 ltt^ eS!£2,J PQ>y A 

in 



AXF 



FB29 LTR 



tt 



J7 

_2_ 



1S03 



4Q70A MLV env 



ill 



AF 



FB29 LTR 



37 



4070A MLV env 



HKi/BgA 
214 



polyA 



76 nts 



ft* 



I 

76 nts 



polyA 



RDF 



FB29 LTR 



607 

V 



SC3C env 



214 153 



132031 



1- polyA 



76 nts 



FIG. t. Schematic diagrams of construes. Initial <C> and .ern^ton <») codons £ '«* *n«d line J^^J^"^^ 

nucleotide portions o( MLV-denved sequences are shown according to Shmntck ; e. al. i i3 i ^ t '^% l l ^^j^^^ l i„ z ^ and On e. al. <M> 

to ni 2^8) is as reported (EMBL accession number X87829). 



MLV-A env gene (23) and ihe FB29 Friend MLV promoter (24). In ALF (Fig. 
I), a 8gi\\'Cla\ fragment containing the env gene was cloned into the BamHl and 
Oa\ sites of plasmid FB3LPh (la), which also contained the C57 Fnend MLV 
LTR dri\ing the expression of the phieomycin resistance {phleoi selection 
marker (81 A 136-bp env fragment was generated by PCR with plasmid FB3 1 10) 
as ihe template and a pair of oligonucleotides. 5'*GCTCTTCGGACCCTGC 
ATTC at the 5' end (before the Oa\ site) and 5' -TAGCATGGCGCCCTATGG 
CTC G T ACTCT AT AG G C at the 3' end. providing a Kasl restriction sue imme- 
diate* after the em stop codon. This PCR fragment was digested with Clal and 
Kasl A DNA fragment containing the FB29 LTR and the MLV-A em gene was 
obtained bv Xd<\-Cla\ digestion of ALF. The fragments were coligated in Sde\- 
K'ail-digesied pLTT626 (kindlv provided by Daniel Drocoun. CAYLA*. In the 
resulting plasmid. named AXF (Fig. 1), the phleo selectable marker »as ex- 
pressed from the same mRNA as the env gene. A Bglll restriction sue was 
created after the Mscl site al position 214 in the FB29 leader by using a com- 
mercial linker (Biolabs). An Kde\-Bgi\l fragment containing the FB29 LTR was 
coinscrtcd with the BglUClal env fragment into Sdel-Cla I -digested AXF plas- 
mid DNA. resulting in plasmid AF (Fig. I). .AF has a 100-bp-larger deletion in 
the leader region than AXF. 

The RD1 14 env gene was first subcloned in plasmid Blue sen pi KS- (Strat- 
agenei as a 3-kb Wi/idlll insert isolated from SC3C. an RD1 14 infectious DNA 



clone (kindh- provided bv S. O Brien) (25). This em gene was sequenced ( EMBL 
accession number X87829). The 5' noncodtng sequence upstream of an Sde\ site 
was deleted bv £coRI and S<Ul digesiwn followed by rilltng-in with Wenow 
enrvme and seif-ligation. From this plasmid. two DNA fragments were obtained: 
a AumHi-Vcol 2j-M> fragment and a 63-bp PCR-generated DNA fragment 
(using < -CGCCTCATGGCCTTCATTAA at the 5' end [before the .V*I site) 
and 5' -TAGCATGGCGCCTCAATCCTG AGCTTCTTCC at the 3' end), pro- 
viding a Kasl restriction site just after the RDI I4em- gene stop codon. The PCR 
fragment was digested with Scol and Kasl. Both fragments were co inserted 
between the Bgfll and Kasl sites of AF. and the resulting piasmid was named 

RDF (Fig. I). _ j i xi u 

Plasmid pCRIPAMgag " (7) (kindly provided by O. Danos and J. M. Heardi 
was used for transfection. 

Infectioo assm. Target cells were seeded in 24-multrweil plates (4 * I (T cells 
per well) and incubated overnight. Infections were then earned out at 3- C by 
plating I ml of dilutions of viral supernatant* in the presence of PoJybrene (4 
i*-ml: Sigma) on larget cells. .After 3 h. v«nis<onia.ning medium was replaced 
bv- fresh medium, and infected cells were incubated for 2 days before X-Cal 
(5-bromo-Uchloro-3.indoM-e-o-galactop>Tanoside) staining, performed as pre- 
viousK described (36. 37). Viral titers were determined by counting LacZ-posi- 
tive colonies as previous!* described (5 V The stability of LacZ pseudorype viruses 
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TABLE I. Titer and stability of LacZ pscudot>pcs J 

UcZ(RDlM) 



UcZ(MLV-A) 



Pnxluccr 
cells 


Titer 

<i.u. ml) 


A204 


650 


He La 


9 


HOS 


4.500 


HTI080 


2,000.000 


MRC-5 


450 


T24 


350 


TEf>7l 


15.000 


Vero 


260 


D17 


900 


Mv-l-Lu 


80.000 



Stabi.it> 
C? of control! 


Titer 
(i.u. ml) 


Subiliry 
{<~r of control t 


<3 


1.200 


105 


ND* 


2.000 


115 


6 


23.000 


86 


26 


400.000 


129 


10 


1. 000 


ND 


ND 


1.200 


ND 




90.000 


38 


ND 


90 


ND 


<l 


200.000 


1 


1 


200.000 


120 



- Tiler *» determined on TBH cells. S.abil.r> » f*^^™^ 
of human verumtreated vruses as a percentage of thai of fetal calf serum 
treated viruses. 

* ND. not done. 



.„ f,»<h human serum was examined bs titrating surviving vims after incubation 
tor I h a, as |£\ RT) ^ v^re performed either as 

following the manufacturer s ms.ruci.ons but using MnCU U mM> instead ol 
M Nud««* s«,u«k. MMta «."»•«'• I* EMBL accession number for .he 
sequence of the RDlUw g*"« » X878^ 

RESULTS 

Screening of producer cell lines. We have shown that viral 
particles generated with RD114 envelopes are more stab e .n 
human se™m than virions with MLV-A andihai the 

producer cell line also controls sensitivity (37). We have also 
found that viruses produced by certain nonpnmate cells are 
sensitive to human serum because they bear Gal(al ^galac- 
tose sugar on their envelope, which activates complement via 
"natural" antibodies against this sugar epitope present >n ; hu- 
man serum (38). We therefore screened a panel of «»"««*• 
mostly of primate origin, for their ability to produce h.gh-titer 
viruses and for the sensitivity of these virions to human serum. 
To do this, cells were infected at high ^'P/'"* ™ th . Uc Z 
pseudotype viruses of either MLV-A or RD1 14. and cells pro- 
ducing helper-positive LacZ pseudotype viruses were estab- 
lished Human HT1080 and TE671 and m.nk Mv-l-Lu celh 
were found to release high-titer LacZ(RDll4) and LacZ 
(MLV-A) viruses. The LacZ(MLV-A) pseudotype viruses pro- 
duced bv HT1080 cells were more resistant to human serum 
than those produced by other cells. The titer of these viruses 
was only fourfold lower following a l-h incubation with human 
serum than in a control incubation with fetal calf serum (Table 
1) The LacZ(RDl 14) pseudotype viruses produced by human 
cells and mink Mv-l-Lu cells were in general sublein human 
serum (Table 1). These results suggested that HT1080. TE67I. 
and Mv-l-Lu cells provided the best combinai.on of high LacZ 
virus titers and resistance to human serum, and they were 
therefore used for the generation of retroviral packag.ng cells. 

Construction of an improved gag-pol expression vector. An 
MoMLV gag-pol expression plasmid. CeB (Fig. 1). was der.ved 
from pCRIP (7). Approximately : kb of env sequence were 
removed from pCRIP. and the bsr selectable marker confer- 
ring resistance to blasticidin S ( 12). was inserted 74 nucleotides 
(nt) downstream of the gagpol gene. This 74-nt interval had no 
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ATG triplets and was thought to provide an optimal distance 
between the stop codon of the pot reading frame and . the art 
codon of the bsr «ne to allow reinitiation of ™ ilatI ™ < ''J- 
Therefore, bsr could only be expressed by r— K>n o W 
lation after the upstream gag-pol gene had been ejgg* 
Consequently, after transaction of CeB into Mv-l-LuyMFGnh 
LacZ (ML). TE671,MFGnlsLacZ (TEL), or HT1080 ctlls. 
blasticidin S-resistant bulk populations and most 
expressed high levels of Gag-Pol proteins, as assessed from the 
rTSvhv found in cell supematants (Table 2). Consider^ 
higher RT activities were found in bulk populations of CeB- 
trfnsfected ML cells than in bulk populations of ML cells 
S y u-ansfected with the parental pCWP construct Suni- 
larty the RT acivities of two packaging cell lines £ne«ied b> 
using the pCRIPenV construct. psiCRE cells (7) and EB8 
ceHs ( ) were less than that of CeB-transfected clones (Table 
■>) Indeed. RT activity in CeB-transfected cell supematants 
was higher than that of cells chronically infected by replication- 
competent MLV-A (Table 2). TFLCcB 
T^rescue infectious LacZ viruses. MLCeB and TELCeB 
clones were transfected with ALF DNA. a plasmid designed to 
egress fte MLV-A em gene (Fig. 1). Bulk populations of 
stTble ALF transfectants were isolated, and 
titrated by using TE671 celts as targets. Titers of LacZ viruses 
We?e higKhan in either MLV-A-infected ML or TELeefc 
or ALF-transfected EB8 cells (Table 2). These data suggested 
?haVCeB was an extremely efficient MLV gag-pol expression 
ec or in m.nk Mv-l-Lu and TE671 cells. We therefore used 
CeB to derive packaging cells by transfection o _ HT1080. e Ms. 
Forty-one of 49 blasticidin S-resistant colonies had detectable 
levels of RT: 9 had RT activity higher than that of control 
MLV-A-infected HT1080 cells (data not shown). Expression of 
the Gag precursor was confirmed in cell lysates and superna- 



TABLE 2 


Seaeted RT expression 




Celhf 


RT activit/ 


LacZ virus titer 
(i.u.mn 


MLMLV-A 
MLSvB 

MLCRIP(bulW) 
MLCeB (bult) 
MLCeB 1 
MLCeB4 


1 

0.1 

0.15 

1.7 

4.2 

1.6 


8 X 10 4 
ND 

i x icr 

1 x 10> 


TEUMLV A 
TELCeB6 


3-6 
5.2 


2 x nr 

4 x 10 ? 


HT1080/MLV-A 
HTCeB6 
HTCeBlS 
HTCeB2: (FLY) 
HTCeB48 


l.l 
1.9 
2.7 
6.9 
5-5 


i x icr 

1 x 10* 

2 x 10* 
5 x !<f 

3 x ior 


EB8 

psiCRE-LLZ 


022 
1.2 


l x 10* 
1 x 10* 



•ML M%-)'U cells harboring a Ml-Onisiac^ pwuv*. .w-. — . 

MLCRIP. ML cotransfened »nh pCRIP ^ d P sv -™. . M . MLV . «,| s 
of raih» of RT activity relatr-e to thai released h> ML ML\ -Actm 
of « E£ mo independen, experiment is sho^. The standard error, dKl no, 

"■The: toe^'JnTCbJI ce.Me,ce P . as noted, aft" M^ona. transfer 
,io„ of a rlLmld »h,ch expresses MLV-A ,„r ,n MLCeB Cone, TELCeB 
clones, HTCeB clones, and EB8 cells. 
4 ND. not done 

' Titer determine J on NIH *T3 celh. 
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TABLE 3. Titers following env construct transfection" 

Titer (i.u. mil 
6XI0 1 



producer celh 



env source 



c ;p-EAMl2lacZ 25" 
("ELCeBfV 

TELCeBo 



FLY*' 



FLYA4 lacZ 3* 
FLY*' 



pCRlPAMgag 

cnvAM 

ALF 
AXF 

af 

AF I 
AF 4 
AF 6 
AF 7 
AF 8 

rdf: 

RDF 4 
RDF 7 
RDF 8 

AF I 
AF 4 
AF 5 
AF 7 
AF 13 
AF 14 
AF 15 
AF 16 
AF 17 

AF 4 

RDF 1 
RDF 2 
RDF 6 
RDF 10 
RDF 11 
RDF 13 
RDF 17 
RDF 18 
RDF 19 



3 x \0r 

5 x 10' 

2 x 10 T 

2 x 10' 



3 



5 x 
1 x 
I x 
3 x 

1 x 

2 x 



10 

10' 

10 : 

10' 

10* 

10* 

10* 

10' 

to* 



t x 10' 
1.5 x Iff* 
1 x 10" 
1 x 10* 
7 x ID/ 1 
4 x 10* 

1 x 10* 
5x 10* 
6 x I0 6 

2 x 10* 



2.5 
1 
5 
2 

3 
I 



10" 
10* 
Iff* 
10* 

10* 
10* 

5 x 10* 
3 x 10' 
6x 10* 



- Average titers of at least three ^dependent experiments ™ 
« .ndard errors did not exceed XK> of the liter values. T.ters were determined 
«»n TEr»7l cells (LacZ virus i.u. per milliliter). 

* Best MFGnlslacZ producer clones. 

• Bulk populations of cm transfectants in TELCcB6 cells. 

■' Titration after buik infection with helper-free MFGnlslacZ 



rants of these nine HTCeB clones by imraunoblotttng with 
antibodies against p30-CA (data not shown) The four clones 
with the highest expression of Gag proteins (clones 6. IB. ~. 
and 48) were infected at high multiplicity with ' )wlpcr.frcc 
LacZ pseudotvpes bearing MLV-A envelopes [MFGnlslacZ 
(A)] produced bv TELCeB6/ALF (Table 3) and then trans- 
fected with ALF* Supernatants of bulk, phleomycm-resistant 
transfectants were assessed for RT activity and LacZ virus titer 
(Table 2). Gone HTCeB22, named FLY, was found to be the 
best Gag-Pol producer clone and was used to introduce env 
expression vectors for the generation of packaging «H lines. 

Construction of env expression vectors. A series of MLV -A 
fin- expression piasmids were then generated (Fig. D- ^ 
the env gene was inserted between two Friend-MLV LTRs. its 
expression driven by the FB29 MLV LTR (24) Most of the 
packaging signal located in the leader reg.on was deleted This 
plasmid also expressed the phleo selectable marker (8) driven 
bv the 3* LTR. AXF and AF were then designed following the 
same strategy used for CeB. These two vectors differed only by 
the extent of deletion of the packaging signal. AF having Mr- 
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Tuallv no leader sequence. Compared with the P^j^^ 3 ?" 
and pCRlPgae-2 env piasmids expressed in psiCRIP and psi- 
CRE packaging cells (7), about 5 kb of gag pol sequence was 
removed. In addition, the 258-bp retroviral sequence conta.n- 
ine the end of the env gene and the beginning of U3 found in 
pCRIPAMgae" and pCRlPgag '2 was also removed. For both 
The AXF and AF piasmids. the phleo selectable marker was 
inserted downstream of the env gene by positioning a 76-nt 
linker with no ATG codons between the wo open reading 
frames, phleo could therefore only be expressed by reinitiation 
of translation bv the same ribosomal unit that had expressed 
the upstream em open reading frame. AF was also used to 
generate RDF. an RDU4 envelope expression ptonid (Ttg- - 
After transfection of the env piasmids into TELCeBo cells 
(Table *>) bulk populations of phleomycin-resistant colonies 
were isolated, and their production of UcZ virus was mea- 
sured (Table 3). ALF gave a titer of 5 x \Q 7 LacZ vims ui. ml. 
while She titers with AXF and AF were 2 x 10 7 LacZ virus 
Lu7ml (Table 3). Titers of 5 x 10 7 and 10 L^Z vjrus ml 
could be obtained with some AF cell clones and RDF dones. 

respectively. . ,u«,« 

As AF has minimal virus-denved sequences and was sho^n 
to be the safest construct (see below and I Table 4), it and RDF 
were used to eenerate packaging lines from FLY cells (clone 
HTCeB22 [Table 21). Envelope expression of these clones was 
assayed bv interference to challenge with MFGolsl acZ(A) arid 
MFGnlslacZ(RD) pseudorype vinises ^^*™£ c ™ 
AF-7 and TELCeBo/ RDF-7. respectively (TaWe 3) J* 
lines showing the most interference were crossnnf«edj« high 
multiplicirv »ith these pseudorype viruses to provide MTOnb 
lacZ proviruses. and supernatants were then titrated on TE671 
cells (Table 3). FLY-AM3 (FLYA13 packaging hue) and 
FLY-RDF-18 (FLYRD1S packaging line) gave the nujhesi 
productions of LacZ viruses, about 10 7 LacZ virus i.u. ml The 
best MFGnlslacZ producer clones, denved from either psi- 
CRIP cells (7) or GP-EAM12 cells (17). gave approximately 
50-fold-lower titers (Table 3). The LacZ virus titers of the 
FLY-derived lines shown in Table 3 are lower than those of the 
best TELCeBo-derived lines after transfection of either AF or 
RDF (Table 3). However, it should be noted that the Lac/, 
proviris expressed in TELCeBo cells was obta^dafter donaJ 
Election but was introduced P*Mly in ™^*™r 
transfected ceU clones. When FLY-AF^ ee ls ,(FLY A ^pack- 
aging line), infected with helper-free MFG flte «^i^ 
cloned by limitina dilution, the best clones (e.g.. FLYA4lacZ3) 
were found to pfoduce 20 times more infectious viruses than 
the bulk population, reaching the range of titers obtained *ith 
the best TELCeBo- AF clones (Table 3). 

Assays for transfer of ga^poi and enr function. To assay or 
replication<ompetent viruses, supernatants were used t , in- 
fect TEL cells (a clone of TE671 cells harboring an MFGnls 
lacZ provirus). Infected cells were passaged for 6 daysor 
longer and their supernatants were used for infection of fresh 
TE671 cells. No transmission of LacZ viruses could be de- 
tected (Table 4). demonstrating that ^^^f 1 " 0 ^^ 
PAMgaV- ALF- AXF- or AF-transfected TELCeB6 cells 
were helper-free. A similar absence of replication-competent 
r^nmbinant retroviruses was demonstrated by using the su- 
^r t an« ?om" clone of p.iCRlP-MFGnlslacZ cells or two 
clones of FLYA-MFGnlslacZ cells (Table •»). 

l£« have been reports that helper-free retroviral vector 
stocks may nevertheless contain recombtnut retroviruses 
(replication incompetent) carrying either gag-pol or em genes 
(4 9 16) To assav for such recombinant retroviruses. »e 
attempted to mobilize an MFGnlslacZ provirus from two in- 
dicator cell lines, which could cross-complement potential re- 
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TABLE 4. Transfer of packaging function 



Producer cell* 



Indicator 



Input \iru«" 
(iu ml) 



No. of - 
expt CtM* 
indicated 
rcMilr* 



RCRs 

psiCRIP lacZ 5 TEL 
TELCcBo-pCRlPAMiiiig TEL 

TELCeBrVA.XF TEL 

TELCcB6-AF TEL 

FLYA4 lacZ 3 TEL 

FLYA4 lacZ 7 TEL 

TELCcBft-AF 7 TELMOXF 2<M 0 I > 

: \ iif o : : 
: x io J oo4 



: x in 4 004 
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combinant viruses. The TELCeB6 line (Table 2), expressing 
Gag-Pol proteins, was used as the indicator cell line to test 
for the presence of env recombinant (ER) viruses. The 
TELMOXF indicator line, expressing MoMLV env glycopro- 
teins (obtained by transfection of MOXF. a plasmid expressing 
the MoMLV env gene using the AXF backbone, into TEL 
cells), was used to detect the presence of gag-pot recombinant 
(GPR) retroviruses. After passaging for 4 to 8 days, the super- 
natants of the infected indicator cells were used to infect either 
human TE671 cells or murine NIH 3T3 cells. 

TELCeB6 cells transfected with the various env-expresstng 
constructs. pCRIPAMgag". AXF. and AF. were compared. 
Although the supernatants of TELCeB6- AF cells were devoid 
of replication-competent retroviruses, they were found sporad- 
ically to transfer gag-pol eenomes (Table 4). No GPR viruses 
could be detected when fewer than 2 x 10* virions were used 
to infect the indicator cells. Similarly, TELCeB6 indicator cells 
infected with various helper-free viruses were shown to spo- 
radically release LacZ virions (Table 4). The number de- 
pended both on the env expression vector used and on the virus 
input quantity. Compared with LacZ viruses generated by us- 
ing the pCRIPAMgag " plasmid. the frequency of detection of 
the ER viruses was lower for supernatants generated by using 
AXF and AF constructs (Table 4). For the .AF construct when 
fewer than 5 x I0 5 MFGnlslacZ(A) helper-free virions were 
used to infect the indicator cells, no ER retroviruses could be 
detected. From these experiments, it could be estimated that a 
supernatant produced from TELCc B6-AF cells, containing 10 
i.u. of MFGnislacZ retroviral vector, contained less than one 
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replication<ompetent virus and about 100 GPR and 100 ER 
retroviruses. 

Complement resistance and helper-free status of L»c£ vec- 
tors produced bv FLYAI3 and FLYRD18 cells. In order to 
confirm the resistance to complement and the absence of rep- 
lication-competent virus in our best packaging lines. MFGnis 
lacZ(A) and MFGnlslacZ(RD). harvested from FLYAI3 and 
FLYRD18, respectively, after polyclonal transduction of MF- 
GnislacZ (Table 3) were tested for stability in fresh human 
serum and eeneration of replication-competent virus. The ti- 
ters of MFGnislacZ! RD) from FLYRD18 after I h of incuba- 
tion with three independent samples of fresh human serum 
were 80 to 120*7 of those in control incubations without serum, 
while the titers of MFGntslacZ(A) from FLYA13 were 50 to 
of control titers (data not shown). No replication-compe- 
tent virus was detected in the assay described above (Table 4) 
when I0 7 i.u. each of MFGnlslacZ(A) and MFGnJslacZ(RD) 
were tested. 

DISCUSSION 

We describe novel retroviral packaging cells, called FLY 
cells, designed for in vivo gene delivery. The retroviral vectors 
prepared from these cells are not inactivated by human scrum 
and can be obtained at much higher titers, unlike prevuus 

vectors. m 

We found considerable variations between the various cell 
lines screened for their abilirv to release type C retroviruses. In 
addition, few cell tines were able to produce retroviruses that 
were completely resistant to human serum. By these two cri- 
teria human fibrosarcoma HT1080 cells were selected for the 
construction of packaging cells. Other studies have shown the 
importance of endogenous retrovirus expression in the gener- 
ation of recombinant retroviruses from retroviral packaging 
lines (26. 40). The copackaging of an endogenous genome and 
a vector can lead to the emergence of recombinant retroviruses 
(40) Recombination involves template switching during re- 
verse transcription of such hybrid retroviruses (II). and ho- 
moloeies between the two genomes considerably enhance the 
frequency of RT jumps (41 ). Therefore, an ideal packaging cell 
line should not express endogenous MLV-hke (or type C ret- 
rovirus-like) retroviral genomes which can be packaged by type 
C Gag proteins (30. 39). In recent studies (23a). «eooukl not 
detect expression of type C retroviruses in HT1080 cells by 
PCR analvsis with generic primers (32). suggesting that 
HT1080-derived FLY packaeing cells may be safer in this re- 
spect than those generated from NIH 3T3 cells, which are 
known to express and package sequences related to type C 
retroviruses (30). „ 

Togenerate the FLY packaging cell lines. HTI080 cells were 
transfected with gagpol and env expression plasmids designed 
to optimize viral protein expression. Direct selection for viral 
gene expression was achieved by expression of a selectable 
marker gene bv reinitiation of translation of the mRNA ex- 
pressing the viral proteins. This strategy resulted in packaging 
cell lines capable of producing extremely high-ttter virusev 
Furthermore. selection for packaging functions can be main- 
tained in these cells. We also eliminated many unnecessary 
viral sequences from the packaging constructs to reduce the 
risk of helper virus eeneration. The final packaging cells <hd 
not produce helper virus, in that no RCR could be detected 
per 10 7 vector particles, although it must be noted that only a 
small volume of viral supernatant was assayed. However, u is 
of concern that recombinant retroviruses expressing eubcr 
MLV Gag-Pol or Env proteins could be detected. Our data 
demonstrate that retroviral vector stocks are contaminated 
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wiih Nuch recombinant viruses at about 1 per ICr* vector parti- 
clo. The new FLY packaging cells are safer than, for example. 
hmCRIP cells, at least for the generation of ER retroviruses in 
!, short-term assay (Table 4), probably because fewer retroviral 
.ojuences overlapping the vector were present in our env ex- 
prc^ion plasmid. Few reports have addressed the question of 
the characterization of recombinant retroviruses (4. 9). It is 
pt.NNible that such viruses could not be detected in previous 
packaging ceil lines because of low overall titers. Recombinant 
retroviruses are defective in normal cell culture conditions but 
lt rc likely to evolve to replication-competent viruses if they are 
.tiloued to replicate in cells complementing their expression, 
.itch as cocultivated packaging cells (3. 4). They may modify 
ni her viruses, such as human im m u node lie iency virus or endo- 
genous viruses, by phenotypic and genetic mixing in gene ther- 
apy- recipients- It will be important for the future development 
»<t retroviral packaging systems to eradicate recombinant ret- 
roviruses, perhaps by removal of viral LTRs from the packag- 
ing construct. 

Consistent with our previous studies (37). LacZ(RDI14) 
pxcudotypes produced from HT1080 cells were more resistant 
to human complement than LacZ(MLV-A) pseudotypes. We 
therefore decided to use the RDI14 env gene to generate 
recombinant virions with MoMLV cores. We have determined 
ihe sequence of the RD114 env gene and found it to be very 
close to that of baboon endogenous virus, a type C retrovirus 
1 2. 13) with an envelope gene displaying similarities to the 
external part of type D simian retroviruses. RDM 4 uses the 
simian retrovirus receptor on human cells (34, 35), making the 
FLY packaging cells with the RD114 envelope capable of 
generating virions with different tropisms. The retroviral vec- 
tors prepared so far for human gene therapy have used either 
MLV-A or gibbon ape leukemia virus envelopes, which display 
many similarities (1) and which use two related cell surface 
receptors for infection (21). Differences in tissue-specific ex- 
pression of the MLV-A and the gibbon ape leukemia virus 
receptors have been reported (14), and it will now be interest- 
ing to see whether particular cell types can be recognized by 
RDU4 Env-coated retroviral vectors. 
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ADDENDUM IN PROOF 

The FLYA13 and FLYRD18 ceil lines will soon be available 
for research purposes from the European Collection of Cell 
Cultures under ECACC accession numbers 95091901 and 
95091902. respectively. 
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INTRODUCTION 

In the late stages of the human immunodeficiency 
virus (HIV) replication cycle, the immature viral ribonu- 
cleoprotein core is assembled at the plasma mem- 
brane and subsequently released from the host cell via 
a budding process involving its envelopment by a lipid 
bilayer that also contains the viral glycoproteins (re- 
viewed in Gelderblom, 1 991). Condensation of the im- 
mature spherical core shell to the typical lentiviral 
cone-shaped core is necessary for the released virion 
to become infectious and depends on proteolytic pro- 
cessing of the precursor proteins by the viral protein- 
ase (PR, nomenclature, Leis ef a/., 1988; reviewed in 
Krausslich and Wimmer, 1988). Morphogenesis of in- 
fectious virus therefore requires the morphopoetic 
function of the structural components of the viral core 
(encoded by the gag gene) as well as the incorporation 
of functional replication enzymes (PR; reverse tran- 
scriptase, RT; integrase. IN; derived from the po/ gene) 
and the viral glycoproteins, gp1 20 (SU) and gp41 (TM). 
In contrast to the requirement for pol and env gene 
products for viral infectivity, formation of noninfectious, 
morphologically immature virus-like particles appears 

' To whom reprint requests should be addressed. 



to depend solely on the expression of the Gag polypro- 
tein and does not require proteolytic processing or the 
interaction with glycoproteins. Accordingly, several 
groups have recently reported HIV polyprotein synthe- 
sis and the production of recombinant virus-like parti- 
cles after infection of different host cell lines with re- 
combinant vaccinia- and baculoviruses expressing the 
Gag proteins alone or in combination with other HIV 
gene products (Karacostas er a/., 1989; Haffar ef a/., 
1990- Shioda and Shibuta, 1990; Hu ef a/., 1990; 
Gheysen ef a/., 1 989; Voss ef a/., 1 992) or after trans- 
fection of eukaryotic expression vectors (Mergener ef 
a/., 1992; Smith ef a/., 1990). 

The products of the gag and pol genes are translated 
as two polyproteins (pr55 9a9 and pr160^- po1 in the 
case of HIV-1) whereby synthesis of the po/-denved 
proteins is achieved by translational frameshifting in 
the 3' terminal part of the gag region (Jacks ef a/., 1 988). 
The pr55 gag precursor can be divided into the four sepa- 
rate functional domains matrix (MA), capsid (CA), nu- 
cleocapsid (NC), and p6. which need to become pro- 
teolytically separated before the maturation of the vi- 
rion Cotranslational myristoylation of the N-termmal 
MA domain which is closely apposed to the inner sur- 
face of the lipid envelope of the virus (Gelderblom ef a/., 
1 987) has been shown to be essential for the produc- 
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tion of extracellular particles (Bryant and Ratner, 1 990; 
Gottlinger et ai, 1989). It is likely, however, that be- 
sides N-terminal acylation, additional signals govern- 
ing plasma membrane targeting reside on MA. This 
conclusion is supported by the observation that in type 
D retroviruses MA mutations profoundly affect the in- 
tracellular targeting of structural polyproteins (Rhee 
and Hunter, 1990, 1991). The HIV env gene also is 
expressed as a precursor protein, gp160, which un- 
dergoes proteolytic cleavage to yield a membrane-fu- 
sion-competent glycoprotein complex consisting of 
gp1 20 and gp41 . Proteolytic cleavage is carried out by 
a cellular proteinase and requires the presence of a 
specific sequence of basic amino acids at the cleavage 
site. Cleavage is essential for the production of in- 
fectious HIV-1 (McCune etai, 1988; Bosch and Paw- 
lita, 1 990). The requirements for specific incorporation 
of viral glycoproteins into virion particles are not under- 
stood in any viral system but it is likely that an interac- 
tion between the MA and TM proteins plays a role in 
this process. In the case of Rous sarcoma virus, a 
close proximity of TM and MA has been demonstrated 
by chemical cross-linking (Gebhardt era/., 1 984) and in 
frame deletions within the MA domain of HIV-1 have 
been shown to affect the incorporation of viral glyco- 
proteins (Yu et ai, 1992). The CA protein (p24) forms 
the core shell of the virus particle which encases a 
ribonucleoprotein complex consisting of the dimeric 
viral RNA genome associated with the NC protein. The 
localization and role in assembly of the C-terminal p6 
domain of the Gag polyprotein is not clear. It does not 
appear to be required for viral assembly but presum- 
ably plays an essential role in late stages of the bud- 
ding process allowing for the release of viral particles 
(Gottlinger etai, 1991). In mature HIV particles, p6 has 
been proposed to form a specific core-envelope link at 
the narrow end of the core (HSglund et ai, 1992). 

Considerable progress has been made in recent 
years in identifying the location of individual proteins 
within the retroviral particle (Gelderblom, 1991). Never- 
theless, the molecular processes involved in intracellu- 
lar transport and accumulation of polyproteins, and the 
molecular interactions driving assembly, bud forma- 
tion, and maturation remain poorly understood. Most 
of the studies on assembly of wild type and mutant HIV 
proteins have relied on transient expression systems. 
While such experiments are convenient for studying 
retrovirus morphogenesis and the contributions of spe- 
cific domains on particle formation and release, they 
suffer from considerable variability between individual 
experiments and cannot easily be scaled up. A detailed 
biochemical analysis of intermolecular interactions in 
the viral particle and of interactions between viral and 
cellular proteins in the process of assembly would be 
greatly aided by the availability of cell lines stably pro- 
ducing virus-like particles. Moreover, such cell lines 



could also serve as good candidates for the production 
of recombinant HIV immunogens and as vehicles for 
the targeting of foreign genes into specific cells. In this 
study, we have analyzed protein expression and virus- 
like particle formation following coexpression of HIV-1 
gag and env gene products from heterologous pro- 
moters, and have shown that stable production of sig- 
nificant amounts of particles depends on the absence 
of enzymattcally active HIV PR. 

MATERIALS AND METHODS 

Cells and transfections 

COS 7 cells and CV-1 cells were maintained in 
DMEM supplemented with 10% heat-inactivated fetal- 
calf serum, 100 U/ml penicillin, 100 iig/m\ streptomy- 
cin and 2 mM glutamine. Transfections were per- 
formed as described previously (Bosch and Pawlita, 
1990; Mergener et ai, 1992). Briefly, approximately 5 
X 1 0 6 cells were suspended in 0. 1 ml PBS and electro- 
transfected with 10-20 pg DNA using a Bio-Rad gene 
pulser. The electrical parameters were 1 50 V, 960 ^F, 
1 00 Ohm resistance for transfection of COS ceils and 
120 V, 960 fiF without the use of the pulse controller 
for transfection of CV-1 cells. 

Expression plasmids 

Plasmids for the expression of HIV-1 gag and pol 
gene products have been described previously (Mer- 
gener et ai, 1992). Briefly, pK-R-gpll and pK-R-gpV 
contain a short stretch of 5' untranslated sequence fol- 
lowed by the entire gag and PR (gpll; Krausslich etai, 

1 988) or gag and pol (gpV) regions and the rev respon- 
sive element (RRE) of HIV-1 (strain BH 1 0; Ratner er ai, 
1 985) under control of the human cytomegalovirus im- 
mediate-early promoter/enhancer element. pK-R-gplla 
is a derivative of pK-R-gpll containing a mutation of the 
Asp25 codon of the PR active site to Ala25 (Mergener 
et ai, 1 992). pK-R-gpllAFS was derived from pK-R-gpll 
by site-directed mutagenesis using the polymerase 
chain method and its construction will be described in 
detail elsewhere. Briefly, the HIV-1 frameshift signal 
sequence AA I I I I I I AGGG (nt 1627-1635), where 
translational frameshifting occurs at the run of six U 
residues on the viral RNA (Jacks et ai, 1988), was 
changed to AAcTTccTgGGG (altered nucleotides in 
lower case) and the resulting plasmids were shown not 
to direct any synthesis of pol gene products after trans- 
fection of mammalian cells (M.F. and H.-G.K., unpub- 
lished observations). All gag expression vectors con- 
tain, in addition, the gene conferring resistance to hy- 
gromycin B driven by a herpes simplex thymidine 
kinase promoter. For expression of the HIV-1 Rev pro- 
tein, plasmid pMTcrev (Hadzopoulou-Cladaras et ai. 

1989) which contains the rev cDNA under control o: 
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the metallothionin promoter as well as the neomycin 
resistance gene was used. 

A SV40 late replacement vector, pLExHIVenv, for 
transient expression of HiV-1 env, has been described 
previously (Bosch and Pawlita, 1990). The inserted 
HIV-1 fragment (nucleotide positions 5818-8926 
(strain BH 1 0) contains, in addition to env, the genes for 
tat, rev, and vpu, all of which are expressed (Rekosh et 
al., 1988; V.B. unpublished observation). To generate 
the plasmid pL/3Acenv, the SV40 sequences, consist- 
ing of the T-antigen gene and the SV40 origin of replica- 
tion in pLExHIVenv, were replaced by the 4.3-kb EcoRI 
to Alu\ fragment from the human 0-actin gene isolate 
p14T-j8-17 (Leavitt et al., 1984). The derivative 
pL/?Acenv/neo, contains, in addition, the neomycin re- 
sistance gene under control of the herpes simplex thy- 
midine kinase gene promoter and polyadenylation sig- 
nals (Fig. 1). 

Generation of stable HIV-1 protein-expressing cell 
lines 

Stable cell lines were generated by cotransfection of 
linearized plasmids and subsequent selection with ei- 
ther 300-400 vg/m\ neomycin, 50-200 /xg/ml hygro- 
mycin, or both depending on the resistance marker 
used. Cell clones were expanded and analyzed for 
HIV-1 Gag protein expression using indirect immunoflu- 
orescence of cells and ELISA of culture media and for 
expression of HIV-1 glycoproteins by indirect immuno- 
fluorescence. Expression of the Rev protein was not 
analyzed directly but was deduced from the fact that 
structural protein production in the case of HIV is com- 
pletely dependent on concomitant Rev protein expres- 
sion. Positive cell clones were subcloned and were an- 
alyzed for homogeneity in indirect immunofluores- 
cence and for stability of protein expression. 

The cell line, CI-4, was generated by cotransfection 
of pL/?Acenv, linearized with £coRI immediately 5' to 
the 0-actin promoter/enhancer sequence, together 
with pSV2-neo (Southern and Berg, 1 982), in which the 
neomycin resistance gene is under the control of the 
SV40 early promoter and SV40 polyadenylation sig- 
nals, linearized with EcoR\. Further wild-type HIV-1 gly- 
coprotein-expressing cell lines (not shown), as well as 
a cell line coexpressing env and gag gene products 
(33/4; see below), were generated by transfection of 
pL^Acenv/neo, in which the neomycin resistance gene 
was present on^he eni/-expressing plasmid. In these 
cases, pl_0Acenv/neo was linearized with C/al, which 
cleaves 5' to the neomycin resistance cassette. All gag 
expression vectors (pK-R-gpll and derivatives) were lin- 
earized with Nar\ which cleaves in the vector sequence 
5' to the HCMV-IE promoter. pMTcrev was linearized 
with EcoRI 5' to the metallothionin promoter. 
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Analysis of expression products 

For indirect immunofluorescence, cells were grown 
on sterile glass cover slips, washed in PBS, and fixed in 
methanol for 5 min at -20° followed by acetone for 5 
min at -20°. For the detection of gag gene products, 
fixed cells were incubated with a polyclonal rabbit anti- 
serum against HIV-1 CA (dilution 1:200; Mergener et 
al., 1 992); products of the env gene were reacted with 
a polyclonal rabbit antiserum against HIV-1 gp160 (di- 
lution 1:100; Bosch and Pawlita, 1990). Immune com- 
plexes were detected with fluorescein isothiocyanate- 
labeled anti-rabbit IgG (1:100; Dianova, Hamburg). 

Analysis of membrane fusion capacity of HIV glyco- 
proteins was performed as previously described (Wilk 
era/., 1992a,b; Bosch and Pfeiffer, 1992). Stable gly- 
coprotein-expressing cells were plated onto cover 
slips and were overlaid with an approximately fivefold 
excess of CD4 + HeLa cells. Syncytia formation was 
analyzed by indirect immunofluorescence using anti- 
gp160 serum after 24 hr cocultivation. 

For detection of HIV antigens, media were cleared 
and appropriate dilutions were analyzed using a com- 
mercial ELISA kit (Organon Teknika, Eppelheim, Ger- 
many). For quantitative detection of processed CA an- 
tigen, virus-like particles were sedimented through a 
sucrose cushion, stripped of their lipid envelope with 
0.2% Triton X-100 and incubated with purified HIV-1 
PR. Appropriate dilutions were analyzed using a com- 
mercial ELISA kit (Cellular Products, Inc., Buffalo, NY) 
and were plotted against a CA standard curve. 

For Western blot analysis, cell or particle extracts 
•were separated on SDS-polyacrylamide gels contain- 
ing 17.5% polyacrylamide (200:1 ratio acrylamide:A/,A/- 
methylenebisacrylamide) for detection of gag gene 
products and 8°/o polyacrylamide (40: 1 ratio) for detec- 
tion of env gene products. After transfer to nitrocellu- 
lose membranes (Schleicher & Schuel!) by electrobJot- 
ting, blots were reacted with polyclonal antisera 
against HIV proteins as indicated above and with alka- 
line phosphatase-conjugated second antiserum (Jack- 
son Immunochemicals, Inc.). 

Purification of extracellular particles 

Media from confluent monolayers of stable cell lines 
were cleared by centrifugation at 200 g for 1 0 min and 
virus-like particles were either precipitated with poly- 
ethylene glycol 6000 (PEG) or centrifuged through a 
sucrose cushion as described (Mergener ef al., 1 992). 
For PEG precipitation, supernatants were made 1 M 
NaCI and 7.5% PEG 6000 and incubated for 60 min at 
0°. Precipitates were collected by centrifugation at 
12,000 g for 15 min and lysed in gel loading buffer. 
Alternatively, supernatants were centrifuged through 
a cushion of 20% (w/v) sucrose at 120,000 g for 2 
hrat4°. 



IIHlflP 



608 



KRAUSSLICH ET AL. 



Southern blot analysis 

The extraction of total cellular DNA, digestion with 
appropriate restriction enzymes, agarose gel electro- 
phoresis, transfer to nylon membranes, and detection 
of vector fragments by hybridization to specific probes 
was carried out using standard protocols (Sambrook et 
a/., 1 989). Briefly, confluent cultures of the established 
cell lines (approx. 5 x 10 6 ceils) were washed once 
with PBS and scraped into 1 ml lysis buffer (3°/o sarco- 
syl, 0.07 M Tris/HCI, pH 8.0, 0.025 M EDTA) diluted 
1 :3 in TE. After digestion with 0.1 mg/ml Proteinase K 
for 1 hr at 37°, the cell lysates were extracted with 
phenol, phenol:chloroform:isoamylalcohol (25:24:1), 
and chloroform:isoamylalcohol (24:1). Nucleic acid 
was precipitated with isopropanol, washed with 70% 
ethanol, dried, and redissolved in 100-200 p\ TE at 4° 
overnight. Ten micrograms of genomic DNA from each 
cell line were digested with BamHl overnight in a buffer 
containing RNase A. The digested DNA samples were 
electrophoresed in a 1 % agarose gel and transferred to 
Gene Screen Plus membranes using standard proce- 
dures. The fragment used to detect integrated HIV-1 
gag sequences was prepared from EcoRI-digested pK- 
R-gpll and radioactively labeled with [a 32 P]CTP by ran- 
dom priming. The position of this fragment, and the 
sizes and positions of the integrated sequences to 
which it can hybridize, are indicated in Fig. 7B. After 
exposure to film, the radioactive gag probe was 
washed off the filter with 0.4 M NaOH for 30 min at 42° 
and the filter rehybridized to a radioactive env probe 
prepared from Sa/I plusXftol-digested pl_/?Acenv plas- 
mid. The position of the probe on the plasmid and the 
sizes and positions of the integrated fragments to 
which it can hybridize are indicated in Fig. 7B. 

Electron microscopy 

Subconfluent monolayers of stable cell lines were 
fixed with 2.5% glutaraldehyde in PBS for 30 min, care- 
fully scraped off the plate, and centrifuged at 200 g for 
5 min at 20°. Cell sediments were postfixed in 1% 
0s0 4 , embedded in agar, treated with 1% tannic acid, 
and processed and embedded in Epon as described 
elsewhere (Gelderblom era/., 1987). Sections of 40 to 
60 nm in thickness were prepared from at least two 
replicate blocks from each specimen, poststained with 
lead citrate, and evaluated using a Zeiss electron mi- 
croscope 10 A at 60 kV. 

RESULTS 

Transient coexpression of gag and env genes 

Previously, we had shown that transient coexpres- 
sion of HIV-1 gag and rev genes in mammalian cells 
leads to the synthesis of correctly processed viral struc- 
tural poiyproteins and efficient secretion of virus-like 



particles that were indistinguishable from immature viri- 
ons except for the lack of glycoprotein spikes (Mer- 
gener et ai, 1 992). To achieve the production of parti- 
cles incorporating the viral glycoproteins, we per- 
formed cotransfection of COS 7 cells with the gag 
expression vector pK-R-gpll (Mergener et al. t 1992) 
which contains the HIV-1 gag and PR regions and the 
RRE under control of the HCMV-IE promoter/enhancer 
element, together with the env expression vector 
pLExHIVenv (Bosch and Pawlita, 1990) which also 
codes for the tat, rev, and vpu genes. Two days after 
transfection, cell-associated HIV CA protein and glyco- 
proteins could be readily detected by indirect immuno- 
fluorescence or by immunoblot analysis of cell lysates 
(data not shown). Analysis of particulate fractions from 
culture media, obtained either by PEG precipitation or 
by sedimentation through a sucrose cushion, yielded 
large amounts of particle-associated CA protein, simi- 
lar to what had been described previously (Mergener ef 
a/., 1992). However, analysis of particulate fractions 
using antisera directed against viral glycoproteins 
showed only low amounts of envelope proteins gp1 20 
and gp160 (data not shown). Since infectious HIV-1 
contains only the surface glycoprotein gp120 and not 
gp 1 60, we hypothesize that the low levels of Env pro- 
teins detected after transient coexpression are due, at 
least in part, to membranous fragments released from 
dead cells. 

Generation of stable wild type HIV-1 glycoprotein- 
expressing cell line and analysis of subviral particle 
formation 

The inefficient incorporation of glycoproteins into 
virus-like particles after transient transfection may be 
due to insufficient amounts of glycoprotein available 
for incorporation. To test this idea, we established the 
cell line CI-4 by transfection of an env expression vec- 
tor into CV-1 cells followed by selection and subclon- 
ing as described under Materials and Methods. Indi- 
rect immunofluorescence with anti-gp160 serum 
revealed that 100% of the cells were fluorescence-po- 
sitive (Fig. 1 A), albeit at different relative intensities, 
whereas the parent CV-1 cells were negative (Fig. 1 B). 
When CI-4 cells were cocuitivated with CD4 + HeLa 
cells as described previously (Wiik et ai, 1 992a, b) and 
subsequently subjected to indirect immunofluores- 
cence, syncytia were observed (Fig. 1C), demonstrat- 
ing that the HIV-1 glycoproteins are transported to the 
cell surface and are capable of inducing membrane 
fusion. Moreover, the HIV Env glycoproteins, ex- 
pressed in the CM cells, are able to complement an 
ew-defective provirus. To demonstrate complementa- 
tion, the HIV-1 proviral construct pNL4-3Aenv, with a 
deletion in the env gene, was transfected into CI-4 cells 
and the resulting released virions were analyzed for 
their infectivity in permissive T lymphocytes (Wilk et ai, 
1992a). In contrast to expression in CV-1 cells, from 
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which noninfectious virus is released, transfection of 
pNL4-3Aenv into CI-4 cells resulted in the production 
of virus capable of a single round of infection in permis- 
sive MT-4 cells, as detected by indirect immunofluores- 
cence and ELISA (data not shown). These results dem- 
onstrate that the HIV-1 glycoprotein in CI-4 is biologi- 
cally fully active. 

To demonstrate biochemically that CI-4 cells can 
produce virus-like particles that specifically incorpo- 
rate HIV glycoproteins, we transfected the cells with 
plasmid pK-R-gpV which contains the complete HIV-1 
gag and pol genes and the RRE (Mergener et a/., 1 992). 
Cell lysates and PEG-precipitated particles were ana- 
lyzed by immunobiotting 48 hr after transfection. Syn- 
thesis of the pr55 gag polyprotein and its known cleav- 
age products was observed in transfected cells but not 
in mock-transfected cells (Fig. 2a) and the transfected 
cells released virus-like particles containing the 
cleaved CA protein (Fig. 2a). The particle fraction also 
contained the viral glycoproteins gp1 20 and gp4l , but 
not their cell-associated precursor gp1 60 (Fig. 2b). As 
expected, gp160, gp120, and gp41 were detected in 
lysates of mock-transfected and pK-R-gpV transfected 
Cl-4 cells. 

Establishment of stable cell lines expressing HIV Gag 

To establish cell lines stably expressing the HIV-1 
gag gene products and constitutively releasing mature 



virus-like particles, we performed cotransfection of 
COS 7 and CV-1 cells with plasmids pK-R-gpIl or pK-R- 
gpV, together with the rev expression vector pMTcrev. 
Stable lines were selected as described under Mate- 
rials and Methods and positive cell clones were initially 
detected by indirect immunofluorescence and ELISA 
and subsequently expanded. Gag protein expression 
was monitored by immunofluorescence and by immu- 
noblot analysis of cell lysates and particulate fractions 
from culture media. All cell lines obtained after four 
independent transfections were highly unstable and 
became immunofluorescence-negative within several 
weeks to months after their initial establishment, even 
in the continuous presence of selective antibiotics 
(data not shown). The same result was also observed 
after repeated (at least three times) recloning of fluores- 
cence-positive cell clones. Western blot analysis of flu- 
orescence-positive cell lines consistently revealed low 
level expression of gag-derived proteins, which were 
mostly uncleaved (Fig. 3a). Very low levels of particles 
were detected and these particles consisted almost 
exclusively of uncleaved pr55 gag (Fig. 3a). These re- 
sults suggested that during outgrowth of the cell lines 
there was a selective pressure for loss of expression 
and for loss of PR function. To test this idea directly, 
CI-4 cells were transfected with pK-R-gpll and cell ly- 
sates derived from parallel transfections were analyzed 
for CA protein expression 2 and 40 days after transfec- 
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Fig. 2. Western blot analysis of gag and env gene products after transient transfectian of CI-4 cells. Cells were either mock transfected (lanes 1 
and 3) or transfected with plasmid pK-R-gpV (lanes 2 and 4). Cell lysates (Ceils) and PEG precipitates of cleared media (PEG) harvested 48 hr after 
transfection were analyzed by immunoblotting. (a) Western blot was stained with antiserum against CA. (b) Western blot was stained with 
antiserum against gp1 60. HIV-specific precursor proteins and cleaved products are identified between the two panels. CA+ indicates heteroge- 
neity in C-terminal processing, giving rise to several species of CA with slightly different electrophoretic mobilities. 



tion (Fig. 3b). A dramatic difference was observed, with 
largely processed Gag proteins evident early after 
transfection and almost exclusively unprocessed 
pr55 9ag in the cell line Cl-4:g/pllef evident after 40 days. 
Lack of protein expression was not caused by the loss 
of HIV-derived integrated DNA since HIV gag gene- 
specific sequences could be readily detected as multi- 
ple copies by Southern blot analysis of fluorescence- 
negative and immunoblot-negative cells. In fact, the 
cell line Cl-4:g/pllef contains about 50 copies of the 
gag-specific sequence (Fig. 7; see below) but despite 
this, expression was very low. 

Stable cell lines secreting immature Gag-Env 
particles 

Since the selection of cell lines expressing wild type 
gag and PR genes yielded highly unstable lines pro- 
ducing predominantly uncleaved polyproteins, it ap- 
peared likely that there is strong selective pressure 
against the expression of active PR. We used two types 
of vectors to establish cell lines expressing wild type 
Gag polyproteins without proteolytically active PR. 
First, CI-4 cells were transfected with plasmid pK-R- 
gplia (Mergener et al., 1 992) containing a mutation of 
the active site Asp2S of PR to AlaZb. Second, COS 7 
ceils were cotransfected with the env expression vec- 
tor pl_£?Acenv/neo together with plasmid pK-R-gpllAFS, 
which is identical to pK-R-gpll except for a mutation in 
the sequence that mediates translational frameshifting 
from the gag to the poi open reading frame. This muta- 
tion, which does not change the amino acid sequence 
of the Gag polyprotein but destroys the run of six U-resi- 



dues (on the transcribed RNA) known to be required for 
frameshifting (Jacks et al., 1988), has been shown to 
completely abolish expression of the pol region (M.F. 
and H.-G.K., unpublished observation). 

In both cases, positive cell clones could be readily 
detected by indirect immunofluorescence, and several 
cell lines stably expressing gag and env gene products 
were obtained after subcloning as described in Mate- 
rials and Methods. Figure 4 shows immunofluores- 
cence data for the two representative lines, 33/4 and 
CI-IX. The former was generated by coexpression of 
gag and env in COS cells (Figs. 4A and 4B), whereas 
the latter was established after transfection of CI-4 
cells with pK-R-gplla (Fig. 4C and 4D). All cells show 
positive fluorescence with anti-gp1 60 serum (Figs. 4B 
and 4D) and with antiserum against CA (Figs. 4A and 
4C) under conditions in which the parent CV-1 cells are 
negative (Figs. 4E and 1 B). Both cell lines have been 
propagated for over 1 year and were shown to stably 
express both Gag and Env proteins, albeit with a slight 
reduction of expression levels after several months. 
Western blot analysis of fluorescence-positive cell 
lines revealed the expression of uncleaved pr55 gag in 
33/4 celis (Fig. 5a, lane 2), 32 cells (Fig. 5a, lane 1; 
another clone obtained after cotransfection of COS 
cells), and CI-IX cells (lane 4), but not in the parent COS 
7 cells (lane 3). Moreover, we observed the release of 
virus-like particles in all cases (Fig. 5b) and the panicles 
obtained consisted either of only uncleaved Gag poly- 
proteins in the case of the AFS mutant (Fig. 5b, lanes 1 
and 2) or of Gag and Gag-PR polyproteins in the case 
of inactive PR (Fig. 5b, lane 4). Particle release was 
analyzed quantitatively by ELISA of particulate frac- 
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Fig. 3. Western blot analysis of gag gene products synthesized in 
stable celt lines and after transient transfection. Cell lysates (Cells) 
and PEG precipitates of cleared media (PEG) were resolved by SDS- 
PAGE and Western blots were stained with rabbit polyclonal serum 
against CA. (a) Immunoblot of cell lysates and particles derived from 
stable cell lines selected after cotransfection of COS 7 cells with 
plasmids pK-R-gpll (lane I1 1) or pK-R-gpV (lanes V2 and V6) together 
with pMTcrev as described under Materials and Methods, (b) Immu- 
noblot of lysates of CI-4 cells 2 or 40 days after transfection with 
plasmid pK-R-gpll. HIV-specific precursor proteins and cleaved gag 
products are identified. 

tions derived from culture media. The ELISA kit used 
detects primarily the processed CA antigen and we 
therefore incubated the sedimented and detergent- 
stripped particles with purified HIV-1 PR. Complete 
cleavage of the Gag polyprotein was confirmed by im- 
munoblot analysis (data not shown) and relevant dilu- 
tions of the incubation mixture were analyzed using a 
quantitative ELISA. Analysis of particle fractions repeat- 
edly yielded a CA antigen concentration of approxi- 
mately 10-50 ng/ml of cell culture medium, corre- 
sponding to approximately 0.2 to 1 of Gag protein 
per 10 6 cells per day. 

Immunoblot analysis of stable lines with anti-gp160 
serum revealed the specific expression of the glyco- 
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protein precursor gp160 and its cleavage products 
gp1 20 and gp41 in 33/4 cells (Fig. 5c) and in CI-4 cells 
(Fig. 2b). Analysis of virus-like particles, on the other 
hand, yielded only the particle-associated glycopro- 
teins gp1 20 and gp41 (Fig. 5d, lanes 1 and 2), similar to 
the situation observed with wild type HIV-1. This ob- 
servation is also supported by the results of thin sec- 
lion electron microscopy which showed typical lenti- 
viral budding structures at the plasma membrane with 
envelope projections radiating from the surface of the 
bud (Fig. 6c). Released extracellular particles, on the 
other hand, did not exhibit the typical spherical struc- 
ture of immature virions but showed an incomplete as- 
sembly of the ribonucieoprotein shell (Figs. 6a, 6b), 
similar to that- observed previously with a PR-minus 
mutant (Mergener ef a/., 1992), Particles were mostly 
devoid of envelope projections, indicating that, al- 
though glycoproteins were detected in released parti- 
cles by Western blot analysis, glycoprotein shedding, 
which has been observed with infectious HIV (Gelder- 
blom ef a/., 1 985), also occurred in this system (Fig. 6). 

Southern blot analysis 

To more fully characterize the gag- and e/w-express- 
ing cell lines, we performed semi-quantitative Southern 
blotting using gag- and env-specific probes. Since the 
plasmids were linearized prior to transfection, we ex- 
pected the DNA in the cell lines to be integrated by 
recombination at or near their free ends. Figure 73 
shows the linearized plasmids as they are expected to 
be integrated. The arrows indicate the cleavage sites 
for BamHl, which was used for digestion of the plasmid 
and cellular DNAs. Also shown are the positions and 
sizes of the fragments to which the gag probe and the 
env probe can hybridize. Digestion of pK-R-gpll with 
BamH\ generates a fragment of 2.8 kb, consisting of 
the gag and RRE sequences. Analysis of the cell lines 
transfected with derivatives of pK-R-gpll (designated 
gpll* in Fig. 7B) demonstrated the presence of specific 
fragments of this size (Fig. 7 A, left). From comparison 
with the 1 copy and 10 copies standards, it can be 
seen that the integrated sequences are present in 
more than 1 copy per genome. The cell lines 33/4, 
CI-IX, and Cl-4:g/pllef contain about 2, 5, and 50 cop- 
ies of integrated gpll* DNA, respectively (Fig. 7 A, left). 

The results of hybridization with the env probe are 
shown in Fig. 7A (right). Whereas the HIV ew-specific 
insert was identical in all plasmids, the cell lines CI-4 
and CI-IX were generated from plasmid pl_/3Acenv, and 
the line 33/4 was generated from pL/SAcenv/neo con- 
taining different flanking plasmid sequences (Fig. 7B). 
In the cases of CI-4 and CI-IX cells, digestion with 
BamHl should generate two fragments detectable with 
this probe (Fig. 7B). A weakly hybridizing fragment of 
4.1 kb derived from the distal portion of env contains 
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Fig. 4. Indirect immunofluorescence of stable cell lines 33/4 (A and B), CI-IX (C and D), and CV-1 cells (E). Fixed cells were probed with a 
polyclonal antiserum against CA (A, C, E) or against gp! 60 (B, D) followed by fluorescein isothiocyanate-labeled second antiserum. 



only about 400 nt of e/w-specific sequence plus flank- 
ing plasmid sequences. A strongly hybridizing frag- 
ment of at least 7 kb contains most of the env gene, 
flanking plasmid sequences, plus flanking cellular se- 
quences. The number of bands larger than 7 kb gives a 
lower estimate of the number of integration sites. In 
fact, three to four such fragments were observed (Fig. 
7A). The env probe also detects the 2.8-kb gag frag- 
ment, since the RRE element cloned downstream of 
gag is derived from the middle of the env gene. A simi- 
lar analysis of the cell line 33/4 yielded a strongly hy- 
bridizing band at about 9 kb representing most of the 
HIV env gene plus 5' flanking plasmid sequences and 
three additional fragments larger than 5 kb which con- 
tain cellular flanking sequences. These fragments pre- 
sumably represent three integration sites (Fig. 7A). 



DISCUSSION 

In the last few years, several reports have demon- 
strated that transient expression of lentiviral gag gene 
products from recombinant vectors, together with or 
without additional segments of the viral genome, can 
lead to the release of virus-like particles with the mor- 
phology of the immature or mature virion. Most of 
these studies were performed using virus-based vec- 
tor systems, deluding vaccinia virus (Haffar et al, 
1 990; Hu et a/., 1 990; Karacostas et ai, 1 989; Shioda 
and Shibuta, 1 990; Voss era/., 1992) or other poxvirus 
(Jenkins et ai. t 1991) as well as bacutovirus vectors 
(Gheysen etaL, 1989; Royer era/., 1992). In a previous 
study (Mergener et aL, 1992), we examined virus-like 
particle formation following transient expression in 



COS cells of mammalian expression vectors encoding 
different wild type and mutated regions of the HIV-1 
genome under control of a heterologous promoter. 

The aim of the present study was to establish cell 
lines stably expressing wild type and mutated HIV-1 
structural proteins, alone or in combination, and re- 
leasing virus-like particles into the culture medium. 
Such cell lines should be useful for structural and bio- 
chemical analyses of interactions important during 
viral assembly. Moreover, noninfectious virus-like par- 
ticles have been proposed as immunogens for vaccina- 
tion (Haffar ef a/., 1991; Haynes etaL 1991; Vzorov et 
a/., 1991; Rovinski etaL, 1992) and recombinant HIV- 
like particles have been shown to inhibit virus produc- 
tion from peripheral blood cells of seropositive donors 
(Haffar era/., 1992). Cell lines constitutiveiy expressing 
HIV structural proteins may also be of utility as packag- 
ing lines for the targeting of heterologous RNAs into 
CD4 + T-cells. While the expression of gag-derived pro- 
teins alone, in the absence of other viral gene prod- 
ucts, is sufficient for particle formation, PR-mediated 
polyprotein cleavage is required for morphological 
conversion of an immature virion to a mature virion 
which is likely to be important for subsequent uncoat- 
ing of the virion in the target cell. 

Our repeated efforts to isolate cell lines stably pro- 
ducing virus-like particles following transfection with 
expression vectors encoding wild type gag and PR se- 
quences resulted in numerous antibiotic-resistant cell 
clones. However, these clones produced only low 
amounts of viral protein. Western blot analysis of cells 
and released particles revealed that not only was the 
expression of structural proteins low, but the proteins 
produced were almost completely uncleaved, indicat- 
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Fig. 5. Western blot analysis of gag and env gene products synthesized in and released from stably expressing cell lines. Cell lysates (a and c; 
Ceils) or virus-like particles obtained by sedimentation through a sucrose cushion (b and d; Sucrose Pellets) were resolved by SDS-PAGE and 
Western btots were stained with polyclonal antisera against CA {a and b) or against gp 1 60 (c and d). Lanes {1 ) 32 cells, (2) 33/4 ceils, (3) COS 7 
cells, (4) CI-IX cells. Molecular mass standards (in kDa) are indicated on the left; HIV-specific precursor proteins and cleavage products are 
identified on the right. 



ing that there may be a selective disadvantage for 
those cells that overexpress active PR. Lack of intra- 
cellularprocessing ma y be due, at least in part, to the 
selection for low expression lines and consequent lack 
of intracellular dimerization of Gag-Pol polyproteins, 
which is required for PR activation. However, since the 
concentration of Gag and Gag-Pol proteins in particles 
should be independent of the intracellular protein con- 
centration, this hypothesis cannot explain the virtual 
absence of proteolytic processing in particles. Possi- 
ble explanations for this phenotype include selection of 
cells that downregulate PR activity or that express re- 
duced levels of Gag-Pol due to an altered frameshift- 
ing efficiency, and thus yield lower amounts of active 
PR. Our results agree with a previous study (Haynes et 
a/., 1991) showing that constitutive expression of wild 
type HIV proteins in COS cells leads to release of low 
amounts of morphologically immature particles, 
whereas stable expression under control of an induc- 
ible promoter yields efficient production of mature par- 
ticles. Unfortunately, in this study the relative amounts 



of processed versus unprocessed antigen were not 
analyzed in the different cell lines generated. 

It is likely that the observed selection against stable 
expression of enzymatically active PR is due to the 
cleavage of cellular proteins by HIV-1 PR. Previously, it 
has been shown that overexpression of PR, either by 
mutation of the frameshift signal (Mergener et ai, 
1 992) or by expression of a genetically linked dimer of 
HIV-1 PR as component of the viral polyprotein 
(Krausslich, 1991), leads to loss of particle formation 
and rapid cell killing. Experiments with specific PR in- 
hibitors have demonstrated that this phenotype is 
caused by PR activity directly (Krausslich, 1992), pre- 
sumably because of PR-mediated proteolytic degrada- 
tion of cellular proteins (e.g., vimentin; Shoeman et ai., 

1990) . Moreover, analysis of acutely and permanently 
HIV-1 -infected T-cells revealed high levels of PR activ- 
ity in the acutely infected cells only and accumulation 
of almost completely uncleaved polyproteins in a per- 
sistently infected cell line (Kaplan and Swanstrom, 

1991) . Consistent with these findings, we could easily 



111 r 'up mi 



614 



KRAUSSLICH ET AL 




Fig. 6. Thin section electron microscopy of HIV-like particles produced from ceil line 33/4 showing celi-released (a. b) and budding structures 
(c). Both extracellular (a. b) particles reveal unfinished core-shell formation and occasional surface knobs on the lipid bilayer. (b) Two incomplete 
shells adjacent within a single particle, (c) The two crescents depicted show all morphological details typical of early lentivirus assembly: the 
20-nm thick ribonucleoprotein shell is closely attached to the lipid biiayer with the viral RNA as a more electron dense layer at its inner leaflet. 
Viral glycoprotein knobs are sparsely distributed on the protruding particles. Magnification x 100,000; Bar = 100 nm. 



establish stable cell lines producing uncleaved HIV-1 
Gag proteins with or without additional segments of 
the HIV-1 genome, but not expressing enzymatically 
active PR. These cells constitutively release virus-like 
particles containing the pr55 ga9 precursor protein and 
wild type HIV-1 envelope glycoproteins. 

Electron micrographs of cells stably expressing PR- 
defective particles revealed regular lentivira! budding 
structures at the plasma membrane but released parti- 
cles did not exhibit the typical spherical core of imma- 
ture retroviruses. Instead, in thin sections they dis- 
played incompletely closed ring structures or even mul- 
tiple incompletely assembled core shells in a single 
particle. These results are in agreement with previous 
observations regarding particle morphology after ex- 
pression of a PR-minus provirus (Peng ef aL, 1989; 
H.-G.K., unpublished observations) or of subviral con- 
structs expressing functionally inactive PR (Mergener 
etal., 1 992), as well as with electron microscopic analy- 
sis of immature HIV-1 particles released from infected 
cells treated with specific inhibitors of PR (Schatzl ef 
a/., 1991). While some immature particles with a small 
gap in the ring structure have also been observed on 
electron micrographs of a PR-defective avian retrovirus 
(Stewart et al., 1990), PR-defective HIV particles dis- 
play a much more pronounced morphological alter- 
ation of the immature core shell and this alteration is 
found in all particles but not in wild type controls which 
were analyzed in parallel. We interpret these results as 
evidence for a requirement of HIV PR activity prior to 
formation of the immature spherical core. This activity 
may be directed against HIV polyproteins or against 
cellular proteins at the assembly site. This hypothesis 
may also explain the relative leakiness of intracellular 
HIV PR activation (Kaplan and Swanstrom, 1991) when 



compared with, e.g., avian retroviruses (Eisenman ef 
aL, 1975; Stewart ef al. , 1990). 

Specific incorporation of viral glycoprotein is an im- 
portant and poorly understood step in the production 
of infectious virus. We analyzed this process in parti- 
cles released after transient and stable coexpression 
of Gag and Env proteins. Following transient transec- 
tion, low amounts of gp1 60 and gp1 20 were detected 
in the particulate fraction. We interpret the presence of 
the uncleaved gp1 60 as evidence for a contamination 
of the particles with membranous vesicles since in- 
fectious virions show only gp 1 20. While some previous 
reports studying transient coexpression of gag and env 
gene products clearly showed the presence of only the 
processed glycoproteins in partially purified particles 
(HaffareraA, 1991 ; Haynes era/., 1991), others demon- 
strated both precursor and processed glycoproteins in 
particulate fractions after coexpression of SIV gag and 
env gene products (Jenkins ef a/., 1991), again raising 
the question as to whether these glycoproteins are 
truly incorporated into virus-like particles. The reason 
for the failure in attaining glycoprotein incorporation in 
some studies in comparison to the other reports and in 
comparison to the situation in which env is stably ex- 
pressed (Haynes ef a/., 1991; this study) is unknown 
but may be explained by a requirement for a specific 
regulation of gag and env gene expression and trans- 
port which may not be accurately reproduced in some 
experimental systems. Specific incorporation of only 
the processed glycoproteins into virus-like particles 
was observed in cell lines stably coexpressing gag and 
env gene products or following transient expression of 
gag gene products in cell lines constitutively express- 
ing wild type HIV-1 glycoproteins. The expression of 
functional glycoprotein in these cells was confirmed by 
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Fig. 7. Southern blot analysis of stable cell lines expressing HIV-1 
env and gag gene products. (A) Gag, hybridization of Sa/nHI-di- 
gested cellular DNA with the gag probe. Lane A, CV-1 cells; B, CI-4 
cells; C, CI-IX cells; D, 33/4 cells; E, Cl-4:g/pllef cells; F, 1 copy per 
cell plasmid pK-R-gpll mixed with CV-1 DNA; G, 10 copies per cell 
plasmid pK-R-gpll mixed with CV-1 DNA. Env, hybridization of 
SamHI-digested cellular DNA with the env probe. Lane A, CV- 1 cells; 
B, CI-4 cells; C. CI-IX cells; D, 33/4 cells. (B) Schematic picture of the 
relevant inserts from plasmids, pK-R-gpll and derivatives (designated 
g/pll* since the vectors used contain the same gag-specific insert 
with different point mutations), pL£Acenv and pL/?Acenv/neo as they 
should be present in the integrated form. The vertical arrows denote 
the positions of the BamH\ sites. The stippled and solid boxes corre- 
spond to HIV-1 gag sequences and env sequences, respectively. 
Flanking solid lines designate plasmid sequences, whereas the dot- 
ted lines correspond to flanking cellular sequences. The numbers 
above each line give the sizes of the respective segments derived 
from the HIV-specific insert and flanking plasmid sequences and the 
bold horizontal lines below demarcate the sequences to which the 
respective HIV-specific probes can hybridize. 



the formation of syncytia after cocultivation with CD4 + 
HeLa cells and the ability to complement a proviral con- 
struct with defective env gene. 

It is of interest to compare our newly generated cell 
lines with previously established mammalian cell lines 
stably expressing HIV-1 structural proteins. Constitu- 
tive production of HIV-1 glycoproteins has been re- 
ported for two CD4 + T-lymphocyte cell lines (Kawa- 
mura eta/., 1989; Stevenson era/., 1988) and for CHO 
and HeLa cells (Pitts et al., 1991; Gama Sosa et al. t 



1 989). However, the T-cell lines may not be suitable for 
all applications because T-cells are poorly transfer- 
able. Furthermore, the e/w-expressing cell lines de- 
scribed by Kawamura et al. (1989) do not produce 
authentically processed Env proteins. To date, there 
has been only a single report describing the stable 
coexpression of HIV gag and env gene products in 
mammalian cells (Haynes et ai, 1 991). These authors 
used a construct containing almost the entire HIV-1 
genome with a deletion of the LTRs under control of 
heterologous promoters. In this case, high-level ex- 
pression of HIV structural proteins depended on induc- 
ible control of viral protein expression. The authors re- 
ported a very high yield of cell-released HIV-like parti- 
cles (0.6 mg/ml p24 antigen) upon induction, which 
was constant for a period of 5 days. Given the ob- 
served toxicity of active PR, however, it appears likely 
that longer periods of induction would not be compati- 
ble with cell viability, whereas in the cells described in 
this report, constitutive secretion of virus-like particles 
can be observed over long periods of time. Moreover, 
release of immature particles containing only un- 
cleaved pr55 gag also may be advantageous because of 
the enhanced stability of immature cores compared 
with that of mature cores (Stewart eta!., 1990). By con- 
trast, generation of cell lines releasing mature Gag- 
Env particles will be required for the development of 
HIV-based retroviral vector systems specific for CD4 + 
cells. Besides the use of inducible promoters, such cell 
lines may also be produced by use of PR mutants with 
reduced cytotoxic effects, selection of cell lines exhibit- 
ing reduced sensitivity to PR-mediated toxicity, or se- 
lection of cell lines in the presence of specific inhibitors 
of PR. 
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Molecularly Cloned Simian Immunodeficiency Virus SIVagm3 
Is Highly Divergent from Other SIVagm Isolates and 
Is Biologically Active In Vitro and In Vivo 
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Simian immunodeficiency viruses have been isolated from African green monkeys originating from Ethiopia. 
A molecular clone, termed SIVagm3, was found to be highly divergent from SIVagmTYO-1 in terms of its 
restriction map and partial nucleotide sequence. A premature stop codon present in the transmembrane 
protein of SIVagm TYO-1 was absent in SIVagm3. SIVagm3 was biologically active in vitro and in vivo and 
displayed characteristics reminiscent of the wild-type virus. Biological activity was demonstrated by serocon- 
version of juvenile African green monkeys and Macaca nemestrina after inoculation. In contrast to antibody 
reactivity mainly directed against env proteins in naturally infected African green monkeys. African green 
monkeys and Af . nemestrina infected with the cloned virus showed antibody reactivity directed against all major 
proteins as demonstrated by immunoblot analysis. The availability of a biologically fully competent molecular 
clone of SIVagm allows us now to address various pertinent questions in an animal model system which should 
help to understand features of human immunodeficiency virus infection in human beings. 



Immunodeficiency viruses related to human immunodefi- 
ciency virus (HIV) have been isolated from several monkey 
species. Simian immunodeficiency virus (SIV) from man- 
drills (SIVmnd) has been isolated and characterized (20). 
This new member of the SIV-HIV group seems to be equally 
distinct from all immunodeficiency viruses isolated so far. 
Isolates from macaques (SIVmac) are now relatively well 
% characterized and may be useful as animal models for HIV 
*f infection and disease induction (2, 15). SIVmac is much 
; more closely related to HIV type 2 (HIV-2) than to HIV-1 (3, 
^7), and there is increasing evidence that some HIV-2 isolates 
^are also infectious for macaques (6, 12). The origin of 
SIVmac is as yet unknown because of the remarkable 
^similarity of independent isolates to each other and because 
^of the apparent lack of anti-SIV antibodies in wild macaques 
(14). These data indicate a quite recent infection of captive 
^F ac aque populations with a virus closely related to HIV-2. 
f*|:^ HIV-related viruses (SIVagm) from African green mon- 
Vk* evs (AGMs) have been isolated by us (11) and others (5, 
The complete nucleotide sequence of one isolate, 
3ttTv ed SIVa S mT YO-l, has been reported (8). SIVagm, like 
a nd SIVmac, uses the CD4 molecule as a cellular 
S^ C r plor * SIVagm is cytopathic for permissive cells but 
ml T atCS poorI y> at ail > in man y expositive T-cell lines 
Ml). Among AGMs in the wild, 30 to 40% are seropositive 
^SIVagm (9). Infected AGMs are apparently healthy, and 
^. ls unknown whether SIVagm is per se apathogenic or 
$fev^ F * ts a P atn ogenicity is based on a special kind of 
of Slv^ ^ost-virus relationship. The possible pathogenicity 
^85r k m * n otner mon ^ ev species is under investigation in 
^.laboratory. Such studies may provide insight into the 
^°genesis of HIVs and the evolution of lentiviruses. 
before analysis of functional molecular SIVagm clones is 
r nl »al for determining the variability of SIVagm and for 
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exploring the molecular basis for the apathogenicity of these 
lentiviruses in their natural hosts. 

We report here the characterization of a replication- 
competent molecular SIVagm clone, termed SIVagm3. 
SIVagm3 is infectious in vitro and elicits strong antibody 
response in vivo after infection of AGMs and pig-tailed 
macaques, from both of which it can be reisolated. 

MATERIALS AND METHODS 

Virus. Virus isolation from animals housed in our colony 
and subsequent growth in Molt-4 clone 8 cells (Molt-4/8 
cells; kindly provided by M. Hayami, Kyoto) have been 
described previously (11). 

Molecular cloning. Hirt supernatant DNA, prepared 48 h 
after infection of Molt-4/8 cells with SIVagm3 at high multi- 
plicity, was digested with EcoRl and ligated into the EcoRl 
arms of lambda gt WES-lambda B. The resulting library was 
screened with the nick-translated HIV-l-derived gag-pol 
clone BH5 (19) under conditions of low stringency (25% 
formamide, 0.8 M NaCI, 37°C). The nylon filters (Hybond N; 
Amersham Corp.) were hybridized for 30 h, washed with 5x 
SSC (lx SSC is 0.15 M NaCl-0.015 M sodium citrate) at 
50°C, and exposed to Kodak XAR films. Positive plaques 
were isolated and rescreened. The remaining positive 
plaques were analyzed by preparation of the phage DNA and 
subsequent Southern blot analysis after digestion with vari- 
ous enzymes. A 10-kilobase EcoRl fragment containing 
full-length viral DNA, permuted at a single EcoRl site in the 
env gene, was cloned into pUC18 to generate plasmid 
pSIVMBl. Restriction enzyme mapping was performed by 
hybridization of subgenomic HIV-1- and HIV-2-derived 
fragments to multiple digests of pSIVMBl DNA. 

Nucleotide sequence analysis. Appropriate restriction en- 
zyme fragments were subcloned into the Bluescript vector 
(Stratagene). DNA sequences were determined from plas- 
mid DNA minipreparations by the dideoxy-chain termina* 
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FIG. 1. Compansonofrest^ 
TYO-1. (A) Restriction map of the permuted Ec gi J of 
from closed circular viral ^ ,K R!s lri c"ion map of a SIVagm3 
wild-type SIVagm3 ;1 nfected cells. ^ Re ^^ e m t P (C) Restriction 

provirus deduced from ^^S^Som the published 
mapofSIVagmTYO-l.Themapwasgen ^ k 

nucleotide sequence (5). Open boxes ™P™£ 1 ^ * HMUl , K , 
peats. Abbreviations: B, BamHI; D, Dral, b, tcoRi, n, 
KpnU P, Psth S, Sstl; Kb, kilobases. 

elecChoSrViral DNA was extracted ton the gel and 
^elf lieated to obtain concatemenc forms. The ligation nux 
mre fas exacted with chloroform, ethanol Plated 

ScKi So ,i of —fe5S£^-S!^ 

Se^SlL^K 

Ssays were performed by published methods (11). 



RESULTS 

For a detailed analysis of a simian retrovirus isolate f roi g 
an AGM in our colony (Paul-Ehrtich-Institut), Southern bid 
analysis of nonchromosomal DNA prepared from freshkT 
infected Molt-4/8 cells was performed. Digestion with Eco' 
resulted in a faint band of approximately 10 kilobases, 
oresumably from single-cut circular DNA. Two predominant 
bands of smaller size from single-cut linear DNA were also 
observed (data not shown). EcoRI-digested Hirt DNA target 
than 9 kilobases was pooled and ligated into the EcoRI arms 
of lambda gtWES-lambda B. The resulting library was 
screened by use of a HIV-1 derived gag-specific probe under 
low-stringency conditions. A full-length molecular clone 
temed SiVagm3 was isolated and subjected to further 
analysis after molecular cloning into pUC18 > 
Restriction mapping and Southern blot analysis wuh gag- 
not env- and long terminal repeat-specific probes derived 
?rom molecular clones of HIV-1 and HIV-2 revealed the 
overall organization of viral DNA from the cloned SIVagm3 ? 
The viral DNA was permuted at an internal EcoRI site in Uie. 
env region (Fig. 1). A single long terminal repeat was located 
atlhe 5 P end. SIVamg3 thus represents a single-cu circular 
epLome with one long terminal repeat of a s.m.an lentivmis 

fr °In Fig la, a detailed restriction map is shown compared 
!k V man of SIVaemTYO-1 deduced from its published 
rckot,r S equence 8 S. Restriction enzyme site diver.ty 
was 65% between both AGM viruses, calculated as de-. 

S irsu^nir!hf 7 civers,t y between SIVa g m3 and 

£ 5 was «KS interest to select the part o 
he* rine 6 corresponding to the coding 
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SIVagmTYO-1 * * * 

21 , T^ToMTvrThrValTyrSerCysIleAlaArgValArgGln 

Sivagm3 GlyllelleGlyLeuArgLeuLeuTyrThrValTyr^ * , Gly . . Val * 

SIVagmTT£0-l ***** 

SIVa ^3 ^Se^euSer^CXnUeHisI^ 
SlVagmTYO-1 * * Val * 

SIVagmTYO-1 * * AspGlu 

SIVagmTYO-1 * Asp * - - 

100 „, * e „c or rvsLeuThrLeuLeuValHisLeuArgSer 

Sivagm3 Ser IleSerSerl leTrpLeuTyrAsnSerCysLeuThrLe ^ # # 

SiVagmTYO-l ThrArgLeuAsnThr 




er transfection of Molt 4/8 cells 

FIG. 3. (A) Time course of RT activity after transfection of 
molecularly cloned SIVagm3 DNA into Molt-4/8 cells. (B) Western 
blot analysis of viral proteins prepared from supernatant of trans- 
fected cells. Lanes: 1, AGM serum negative for SIVagm; 2 and 3. 
sera from AGMs positive for SIVagm; 4, human serum positive for 
HIV-1; 5 and 6, human sera positive for HIV-2; 7, M. nemestrina 
serum positive for SIVagm. kD, Kilodaltons. 

contrast, human sera positive for HIV-1 or HIV-2 (Fig. 3B, 
lanes 4, 5, and 6) showed a strong cross-reactivity with the 
viral core protein p24. Serum obtained from a pig-tailed 
monkey (Macacca nemestrina) infected with original un- 
cloned SIVagm3 virus, reacted with all major viral proteins 
(Fig. 3B, lane 7). 

To test infectivity in vivo, two seronegative juvenile 
AGMs were inoculated intravenously with 10 5 tissue culture- 
infectious doses of cell-free virus taken from transfected 
cultures. Seroconversion was observed within 4 weeks after 
inoculation. Immunoblot analysis revealed a strong antibody 
response against all major proteins (Fig. 4, lanes 3, 4, 5, and 
6). In contrast, reactivity of sera from naturally infected 
AGMs was almost exclusively directed against the two 
envelope glycoproteins of SIVagm (Fig. 3B, lanes 2 and 3). 

In an extension of these experiments, one pig-tailed mon- 
key was inoculated with cloned SIVagm3. Antibody re- 
sponses again occurred within 4 weeks after inoculation, and 
the pattern of reactivity was very similar to the response of 
AGMs experimentally infected with cloned virus (Fig. 4, 
lanes 7 and 8). 

Virus could be reisolated from infected AGMs and the 
pig-tailed monkeys by cocultivation of phytohemagglutinin- 
stimulated peripheral blood lymphocytes with Molt-4/8 cells. 
Reisolation was performed 4 and 8 weeks after inoculation. 
Thus SIVagm3 is biologically active in vitro and in vivo, 
since infectivity was demonstrated for both AGMs and 
pig-tailed monkeys. Additional species are presently being 
tested for susceptibility to SIVagm infection. 

DISCUSSION 

Wild-type SIVagm virus was isolated from several natu- 
rally infected AGMs captured in Ethiopia and kept in our 
colony at the Paul-Ehrlich-Institut since 1972 (11). In this 
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regions is shown in Fig. 2. An amino acid identity of 67% 
*as found. The premature stop codon previously found in 
«« coding region of the TMP of SIVagmTYO-1 is not 
Present in SIVagm3. We concluded that our isolate is an 
authentic but quite diverse member of .the SIVagm group, 
ili/fi Iff the biol °S ical activity of SIVagm3, we transfected 
* , Ien 8 th Ec oRl fragment of SIVagm3 after self-ligation 
wo Molt-4/8 cells. RT activity was detectable in the cell 
^rnatant within 8 days after transfection (Fig. 3A); al- 
gn the initially extensive syncitium formation de- 
^sed the level of RT activity was sustained. The super- 
frtsh M° i transfected j^ lls was filtered and used to infect 
3 days °f ? CeIls * R ^ activit y appeared in the supernatant 
obtain Hf"" infection - Peripheral blood lymphocytes were 
abovT Br™ serone gative AGMs and infected as described 
(data « , activit Y w as detectable 8 days after infection 
Im shown ). 

tint oft n0bIOt analvsis of virus derived from the superna- 
trptn lra nsfected cultures is shown in Fig. 3B. In serum 
tfcc ci " at , ural, y infected AGM, the pattern of proteins with 
^feal , virus was indistinguishable from that of the 
Jifotiy Un< jJoned virus isolate. The serum reacted predom- 
y With the viral glycoproteins gpl40 and gp45. In 
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FIG. 4. Seroconversion after inoculation of monkeys with 
cloned SIVagm3. Lanes: 1. AGM serum negative for SIVagm; 2, 
AGM serum positive for SIVagm; 3, 5. and 7, prebleedings from two 
AGMs and one pig-tailed monkey, respectively: 4. 6, and 8, corre- 
sponding sera from the same animals 4 weeks after inoculation. kD, 
Kilodaltons. 



study, we describe the molecular and biological characteris- 
tics of an infectious molecular clone of SIVagm, termed 
SIVagm3. A nucleotide sequence comparison was made 
with the only other published complete nucleotide sequence 
of a SIVagm isolate (SIVagmTYO-1 from a monkey cap- 
tured in Kenya). The extent of variability, measured by 
comparison of restriction maps between our clone SIVagm3 
and the published clone SIVagmTYO-1 (Fig. 1), is in the 
same range as the restriction site divergence found between 
various HIV-1 isolates (17). Restriction site comparison of 
our isolate with two other viruses of Kenyan origin, termed 
SIVagm266 and SIVagm385 (13), revealed a higher degree of 
divergency than that between SIVagm3 and SIVagmTYO-1. 
However, more nucleotide sequence data are needed to 
determine more precisely the variability among individual 
SIVagm strains. 

So far, we have determined the nucleotide sequence ot the 
part of the env gene (Fig. 2) that represents the carboxy 
terminus of the TMP. Clearly, overall homology of 67% with 
the equivalent region of SIVagmTYO-1 is low compared 
with the homology of TMPs between various HIV-1 isolates, 
which has been found to be as high as 85% among otherwise 
highly divergent members of the HIV-1 family (1). 

It is also important at this point to note the absence of a 
stop codon in the TMP of SlVagm3. A premature stop codon 
was found in SIVagmTYO-i. which results m the expression 
of a TMP of 32 kilodaltons rather than 45 kilodaltons. The 
amino acid homology upstream and downstream of the stop 
codon present in SIVagmTYO-1 is 75 and 58%, respectively. 
It is obvious that the homology decreases in the noncoding 
TMP region downstream of the stop codon, probably be- 
cause selection for a functional protein region is unneces- 
sary Intragroup differences of TMP sizes have also been 
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reported for HIV-2 (21) and SIVmac (15) but not for HIV-1 ! 
It should be mentioned that other isolates of SIVagm f ron j 
our colony have been analyzed by immunoblot analysis for' 
the size of their respective TMPs (11) and that they all show* 
a large glycoprotein of 45 kilodaltons, although they arc'" 
clearly different as determined by restriction site analysis.} 
Other reports have mentioned SIVagm variants with TMp 
ranging from gp32 to gp38 (10, 16), which suggests that our ^ 
isolate, with a gp45, is the only SIVagm isolate so far * 
described that lacks the premature stop codon. Exact deter- 
mination of the functional consequences of TMP size varv||| 
ability awaits further analysis. -nag 
SIVagm represents an animal model for infection of alf 
natural primate host with a lenti virus, and further investiga-^ 
tions require the biological and molecular characterization of 
the virus. We were able to isolate a full-length molecular |f 
clone of SIVagm that is competent for replication in vitro as % 
well as in vivo. The characteristic syncytium formation "S; 2 
observed after infection of CD4-positive T cells with wQd-^v 
type SIVagm is also a property of our molecular clone r : 
SIVagm3. Furthermore, for both wild-type and cloned _ 
SIVagm3, chronically infected cultures show a high RT # 
activity in the supernatant with no further indication of cell 
death (Fig. 3A). In vivo infectivity for juvenile AGMs with . 
SIVagm3 correlated with in vitro infectivity for AGM pe* L 
ripheral blood lymphocytes, as has been previously de- y 
scribed for SIVmac (15). It is an important result of our 
study that pig-tailed monkeys can also be infected with 
SIVaem. This makes it possible to analyze the properties of 
SIVagm in primates other than its natural host. It is as yet 
unknown whether the virus is also apathogenic in heterolo- 
gous monkey species. Pathogenicity in an unnatural host 
species might possibly reflect a specific suppression of 
SIVagm in its natural host. Lack of host factor-mediated 
suppression in other species would then lead to disease 
induction. However, AGMs and pig-tailed monkeys, which ft 
to date have been infected with the cloned virus for b - 
months, show so far no symptoms of disease development. 

Interestingly, AGMs and pig-tailed monkeys infected witn 
cultured virus, both native and cloned, developed a strong 
antibody response to all viral proteins (Fig. 4). In contrast, 
naturally infected AGMs show reactivity only against major 
env proteins. This difference may reflect a specific suppres- 
sion of SIV in its natural host after long-term infection or 
may be due to initial infection with a low titer ot vinw 
(presumably via sexual routes) compared with the nign m 
of infection by experimental inoculation. It may aiso oe : u 
to the fact that juvenile monkeys were used for expenmen 
infection, whereas natural infection only appears to occur 
sexually mature animals (data not shown). 

The availability of a biologically fully competent mowc 
lar clone of SIVagm allows us to now address van 
pertinent questions in an animal model system wnicn sn 
help to understand features of HIV infection in hum 
beings. It will be crucial to obtain complete sequence i ^ 
mation of additional SIVagm isolates. Knowleug- ^ 
evolutionary development of the viral anchestry or ^ M 
well help us to understand the pathogenicity o f tl -^J' r n ' lh c 
mentioned above, we have recently initiated studies 
extent of variability of SIVagm after infection o 1 
with a single virus clone. This approach may wel1 le ^ lifien ic 
determination of the extent and localization ot an i 
variation that is characteristic for lentivirus strains, u ^ 
extent of variability previously observed might na ^ 
due to initial infection with multiple virus substra i . y< 
subsequent mutations and recombinations (4). Alter. 
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variation may be a consequence of selection of naturally 
occurring virus variants during the interplay of viral replica- 
tion in vivo and immunological pressure by the host. Thus, 
u se of molecularly cloned SIVagm will allow us to verify one 
of these hypothesis. We wilJ also be able to determine the 
mutation rate of different viral genes after infection of the 
n;::'jra' host and after trans-species transmission. 
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Introduction 

Gene therapy has been proposed as a strategy for (lie 
n eatment of a variety of genetic and viral diseases Gen 
die alteration of the peripheral T lymphocytes has been 
shown to be of potential therapeutic relevance in 
inherited diseases, leukemias. and acquired immune 
deficiency syndrome (AIDS). 1 :i The central goal of many 
uene therapy strategies is the efficient and stable delivery 
nf genes. Many advantages are associated with the use 
of well characterized retroviral vectors for this purpose, 
f ?ver, one of the major limitations associated with 
u^...g retroviral vectors in gene therapy is their low trans- 
ducing efficiency. Accordingly, several approaches have 
been developed to increase retroviral transduction 
efficiency. Methods include optimization of infection con 
ditions. increasing virus titer, and improving the speci- 
ficity of the virus for its target cells. In fact, the use of 
nontargeted retroviral vectors in gene therapy is often 
considered inadequate since binding to nontarget cells 
would result in possible side-effects in undesired trans 
duced cells. The use of in vitro transfer protocols, where 
cells are cultured and transduced ex vivo, can allow par 
tial bypass of these limitations, but restricts the spectrum 
of diseases which may be treated. In many cases, system 
■itic treatment can only be achieved through the use of 
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retroviral vectors that wilt deliver genes to specific cells 
in vivo and enable efficient expression in these cells. 

Targeting retroviral vectors to specific cells can be ach 
ieved through inducible transcriptional control or prefer 
ably by achieving a specific infection of the desired cells 
by targeted transduction. The latter approach requires 
modification of the proteins involved in receptor rccog 
nition. Retroviruses use a variety of receptors to enter 
cells; some of these receptors such as the ecotropic and 
amphotropic murine leukemia virus (MuLV) receptors 
and many of the immunodeficiency-causing lentivirus 
receptors have been identified. 3 * 8 However, targeted 
delivery of a murine-based retroviral vector to a specific 
subpopulation of human cells has yet to be truly ach. 
ieved. Initial attempts to change viral tropism were done 
through the use of pseudotyped viruses; 9 " 11 MuLV is able 
to incorporate vesicular stomatitis virus C glycoprotein 
(VSV-C). influenza virus hemagglutinin (HA), or hetero 
logous retroviral glycoproteins, although this expands 
viral host range rather than restrict cell tropism. Even 
though several groups have generated chimeric Env- 
ligand fusion proteins designed to bind on to transferrin 
receptor, galactose receptor or the high density tipopro 
tein receptor, none of these fusion proteins were success 
fully incorporated into infectious viral particles." The 
only reported success has been obtained using heregulin 
Env fusion proteins binding to the Erb3/4-receptor. thus 
enabling specific MuLV infection of human breast cancer- 
cell tines. 12 An alternative approach using receptor-single 
chain antibodies (scFv) fused to Env proteins has given 
rise to several difficulties: results obtained with low den 
sitv lipoprotein scFv Env chimeric proteins are still 
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promising, although virus titers remain poor. Most 
obstacles found in these strategies ar.se in the Env post- 
binding or membrane fusion steps, giving rise to abortive 
infection 11 Therefore, whenever possible, it will be pref- 
erable to use authentic viral envelope glycoproteins exhi- 
biting specificity towards the desired targeted cells. 

Targeted transduction of CD4 * lymphocytes is critical 
for HIV gene therapy approaches. Although the estab^ 
Ishment of HlV-based vectors for such a strategy has 
b en considered, it is more likely that gating specific 
components of HIV on to other retroviruses would gener- 
ate safer vectors. Although HIVs ability to infect nondi- 
viding cells is a great advantage over classical , rejoviraj 
vectors. HIV s specific, targeted trop.sm for CD cells 
must also be considered. 1 •» 15 Recently, chimeric HIV Env 
glycoproteins encompassing the cytoplasmic domain o 
the VSV C -glycoprotein were shown specifically to target 
VSV infection to CD4 expressing human epithelial HeLa 
cells 16 The incorporation of foreign glycoproteins in 
enveloped viruses, or pseudotyping. is a weUtown 
phenomenon. Reported HIV pseudotypes include HIV 
particles harboring MuLV Env. human T cell eukem.a 
Cfrus (HTLV) Env. VSV-C and herpes simplex yirus 
(HSV) Env However, the inability of the HIV glyco- 
proteins to be incorporated into MuLV viral 
kept these envelope glycoproteins from being of potential 
use in gene therapy.ftrTe presence of a I50 am.no acid 
tone infracytoplasmic tail in the HIV g P 41 transmenv 
brane glycoprotein is believed to be the cause of such 
restricted" incorporation of HIV Env: steric prance 
and structure incompatibility between the long g P 4l 
cytoplasmic domain and non-HIV matrix or capsid pro- 
teins would explain the specific incorporation.- This was 
further confirmed when HIV Gag matrix protein 
mutations were shown to disrupt the '"Corporation of 
HIV Env " 27 Although the incorporation of HlVLnv into 
the viral particle needs a specific interaction with the HIV 
matrix protein, other retroviral Env glycoproteins seem 
"^bypass this step.- 9 This correlates well with the much 
shorter cytoplasmic domains of most retroviral Env 

8l We P n 0 ow n confirm and extend recent observations by 
Mammano et af» and Sduued^.aJ- showing that 
truncation of the cytoplasmic portion of the Env glyco- 
protein enables its incorporation into heterologous MuLV 
virions. Furthermore, truncated envelope glycoproteins 
were efficiently incorporated into HIV virions harboring 
matrix protein mutations known to affect Jycoprottm 
incorporation. MuLVs harboring the runcated HIV 
glycoproteins retain normal biolog.cal activity and 
fpecifically infect HeLa CD4 expressing ceils and acti^ 
vated CD4* peripheral blood lymphocytes (PBLs). as 
determined by transduction of a /acZ reporter gene. Alle- 
ge her these "results demonstrate the feasibility of using 
fhis approach to specifically transduce genes into the CD4 
expressing cell subpopulation for gene therapy purposes. 

Results 



Incorporation of full-length and truncated HIV Env 
glycoproteins into viral particles 

In order to investigate the incorporation of envelope 
g yce proteins, wild'type HIV Env expression vector, 
were cotransfected into 293T cells with either HIV Env- 



negative proviral DNA (HIVCag) or a MuLV CagPol- 
encoding plasmid (MuLVGag. described in Figure I). 
After a 36 h delay following transfection. cells were sub- 
jected to metabolic radiolabeling with 35 S methionine, as 
described in Materials and methods. Viral proteins were 
then immunoprecipitated with HIV-positive patient and 
goat anti-MuLV Cag antisera and analyzed by SDS- 
PAGE Cells transfected with the HIV Env negative DNA 
or MuLV GagPol encoding plasmid alone expressed, 
respectively, the HIV or MuLV major Cag viral capsid 
proteins. p24 (HIV) or p30 (MuLV) (Figure 2a. lanes 2 and 
3) These proteins were also detected in the virus particles 
recovered by ultracentrifugation of cell supernatants fol- 
lowed by immunoprecipitation (Figure 2b. lanes 2 and 3). 
Whon cells were cotransfected with the HIV fc.nv 
expression vector and those encoding either HIV or 
MuLV Gag. the HIV glycoprotein gpl20 could also be 
detected in both cell lysates (Figure 2a. lanes 4 and 5). 
However, incorporation of the HIV Env was restricted to 
the HIV viral particles (Figure 2b. compare lanes 4 and 5). 

If the length of the HIV Env cytoplasmic domain is 
responsible for such a specific virion incorporation, full 
truncation of this domain should abrogate this restriction 
to virion incorporation and should confer to truncated 
HIV elycoproteins broad pseudotyping abilities, compa- 
rable with those of MuLV or other retroviral glyco- 
proteins. To look into such a possibility, cells were again 
cotransfected with either the proviral HIV Env-negative 
plasmid or the MuLV CagPol encoding plasmid. and an 
expression vector encoding a HIV Env glycoprotein 
deleted of its carboxy-terminal 144 -amino acids 
(HlVEnvA713-856. Figure lb). Analysis of radiounmuno- 
precipitated proteins shows that the HIV Env truncated 
Plycoproteins are correctly processed (Figure 2a lanes b 
and 7) and incorporated into both HIV and MuLV virions 
(Figure 2b lanes 6 and 7). This establishes (hat the spe- 
cific incorporation of the HIV Env glycoproteins into the 
HIV viral particle, and the exclusion of such glyco- 
proteins from other enveloped viruses thereof, is depen- 
dent on the presence of the HIV Env long cytoplasmic 

^investigate further the role of the HIV Env cytoplas- 
mic domain in its specific incorporation into the HIV 
viral particle, an HIV Env-negative proviral DNA harbor 
ing a small deletion (amino acids 16- 8 in the HIV 
mStrix protein was generated (Figure lb). This small 
Son'has been previously identified - ^rogatmg 
HIV Env virion incorporation. 25 ■» This proviral DNA 
construct was cotransfected into cells with either the 
Zd ype HIV Env. truncated HIV Env or MuLV bnv 
glycoprotein expression vectors. Although the major cap- 
, Sd proteins (MuLV p30 and HIV P 24) and aU he differ - 
.. ent P Env glycoproteins (MuLV gp70 and HIV gpl20) 
, could be delected in the cell lysates (Figure 2a. lanes ; 8. 9 
' and 12) the full-length HIV Env glycoproteins were 
Seci i ally excluded 8 from the P l7-mu.ant virions 
(Figure 2b lane 8). as was also the case in the MuLV 
virions (Figure 2b. lane 5). In contrast, the truncated HIV 
Env was incorporated in the pl7 mutant virion 
(Figured, lane 9) The MuLV Env. with its short intracy- 
op 8 lasmic domain, was uniformly incorporated into , wjW $ 
type or mutant HIV virions or the MuLV virions 
pfgure 2b. lanes 11. 12 and 13). Altogether, these results 
demonstrate the role of the HIV Env cytoplasmic domain 
in Tpecific incorporation into HIV. through a possible 
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Figure I Schematic representation of plasmids and expression vectors, (a) MuLV based plasmids. All plasmids contain an SV40 origin of replication, 
and transcription is driven by a CMV promoter* pHfTlll is peculiar in that the CMV promoter is fused to the R region of the ? MuLV LTR. This 
pi- -iid also harbors a neo resistance gene under transcriptional control of the SV40 promoter and J MuLV LTR sequences, (b) HIV based plasmids. 
7 cription is driven by the HIV LTR. and therefore needs the presence of Tat for efficient expression of the reporter gene, and the SVCMVTat 
plasmid is thus used to supply Tat in experiments involving the HIV Env encoding plasmids and MuLVCag. All plasmids contain an SV40 origin of 
replication The Env negative proviral HIV plasmids HXBHlOEnvf-jKpnlfs* 1 harbor an ATC to ACC point mutation at the initiation codon of Env 
and a Kpnl frameshift at HlV-HxBc2 nucleotide position 5934. A stop codon at position 7902 is inserted in the HIV truncatcd-Env glycoprotein 
expression vector HIVEnvA7l3-&56. resulting in the deletion of the cytoplasmic domain of the glycoproteins, 30 A small deletion in the pl7-matnx 
encoding portion of the gag gene in HXBHWEnv(Kpnlfs) A16-18 abrogates wild-type Env viral incorporation. 



interaction with the HIV pl7-matrix protein. The deletion 
of such a cytoplasmic domain eliminates any need for 
such a specific interaction, thereby rendering possible 
incorporation into MuLV virions. 

infectivity of pseudotyped MuL V virions 
Incorporation of the truncated HIV Env glycoproteins 
into the MuLV viral particle being established, it was 
then necessary to determine if the pseudotyped MuLV 
viruses had incorporated fully functional envelope glyco- 
proteins giving rise to infectious viruses. If such is the 
case, the viruses should specifically infect CD4* cells. 
Either the HIV Env-negative proviral DNA. the HIV pl7- 
mairix mutant Env-negative proviral DNA or the 



MuLVGag expression vector were thus cotransfected in 
COS cells with the HIV Env, truncated HIV Env, or 
MuLV Env encoding vectors, as described in Materials 
and methods. Cotransfections using MuLVCag vector 
also included a plasmid harboring a lacZ gene and RNA 
viral encapsidation sequences (Figure la). Such encapsid- 
ation sequences being absent on MuLVEnv or MuLVCag, 
lacZ RNA is thus exclusively incorporated into MuLV 
virions using this approach. Conversely, the HIV pL7- 
mutant or wild-type Env-negative full-length RNAs are 
encapsidated into their respective viral particles in all 
experiments involving HIV. Cell supernatants were har- 
vested 48 h after transfection. and relative amounts of 
recovered virus were estimated by reverse transcriptase 
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figure Z Expicssion and assembly oT MuLV and HIV viral proteins, (a) Ceils were cofransfccccd tvirft the relevant Gag and Env encoding P'*™<^ 
vTal LtZZre in,nwnop,vcipi<ated with an HIV-positive human serum combined with goat anti-MuLV Cag and an„-MuLV Env -nd 
r^Z on an 11% SOS PACE gel. (b) Incorporation of glycoproteins in released HIV or MuLV vinons. Labeled v.ral pellets wen lyud u, RIPA 
o^er-aZZn^vcSitated Jn (a) and viZ proteins resolved on an 11% SDS-PACEgcl. Labeled proteins were then regaled by auturad.og, aphy 

Position of molct tilitr weight markers is shown and viral proteins d/c indicated by arrows. 
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;RT) assay. Equivalent amounts of virus produced from 
•ach cotransfection were used to infect either HeLa. He- 
;*.aCD4 or HeLaCD4LTR(3-gal cells. Following infection, 
ells were fixed and stained as described in Materials 
ind methods. 

As expected, in HeLa cells, only MuLV -based viruses 
harboring the amphotropic MuLV envelope glycoprotein 
vvcre able to transduce the lacZ gene (Figure 3). Since 
HeLa cells lack the CD4 receptor, all viruses harboring 
I (IV glycoproteins did not infect the cells. Moreover, the 
ItlV-based viruses used in this study do not possess 
intrinsic lacZ transduction ability, and therefore do not 
provide further information when used on these cells 
1 Figure 3b). 

In HeLaCD4 cells, similar transduction efficiencies 
■a ere obtained with MuLV-based viruses having incor- 
porated either the amphotropic MuLV Env or the trunc- 
'ned HIV 7 Env glycoproteins (Figure 3a). Use of all other 
viruses resulted in background 0-galaciosidase activity 
(Figure 3). Again, no detection of HIV-based viruses was 
■•xpccted using these cells. The susceptibility of HeLaCD4 
ells to the MuLV viruses harboring the truncated HIV 
Kim* demonstrates the functional capacity of such an 
lope glycoprotein to mediate specific infection of 
;l>r cells and confirms the lack of incorporation of 
wild-type HIV Env in MuLV. Furthermore, the infectious 
potential of viruses harboring amphotropic Env or trunc- 
ated HIV Env appears to be similar. 

Finally, virus infection was tested on HeLaCD4LTRp- 
cells. These cells harbor in their genome a lacZ gene 



under the transcriptional control of the HIV LTR pro- 
moter. Following HIV infection, and production of the 
Tat transactivating protein, they will thus express p- 
galactosidase activity due to Tat-mediated LTR trans- 
activation. 33 In these cells. MuLV-mediated lacZ trans- 
duction was obtained when using the HIV truncated-Env 
or amphotropic MuLV Env glycoproteins, as in the He- 
LaCD4 cells (Figure 3a). Furthermore. HIVs having incor- 
porated wild -type or truncated Env glycoproteins also 
efficiently gave rise to p-galactosidase activity in the cells, 
through Tat transactivation of endogenous lacZ 
(Figure 3b). However, mutant HIVs harboring the 
mutation in pl7 known to prevent incorporation of HIV 
Env glycoproteins, remained uninfectious in the case of 
the wild-type HIV glycoproteins only (Figure 3c). Similar 
efficiency of infection was obtained when the truncated 
HIV Env glycoproteins were incorporated into HIV. HIV 
(pl7-mutant) or MuLV-based viruses. Altogether, these 
results demonstrate that the deletion of the HIV Env gly- 
coprotein cytoplasmic domain does not alter the pro- 
cessing, maturation and ability of such glycoproteins to 
confer an infectious potential for CD4 " cultured cell lines. 

Reporter lacZ gene transduction in activated PBLs 
Since the truncated HIV Env glycoproteins enable 
MuLVs to infect CD4" HeLa cells specifically, it should 
be possible to take advantage of such a mechanism to 
infect primary human cells expressing the CD4 receptor. 
MuLVs harboring either HIV truncated Env or ampho- 
tropic MuLV Env glycoproteins were added to PHA-acti 
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vated PBLs. as described in Materials and methods. 
MuLVs originating from cells expressing either wild -type 
HIV Env or no glycoproteins were used as negative con- 
trols, since the full-length HIV Env is not incorporated 
into MuLV. The same experiment was performed in the 
presence of antibodies against. HIV Env (anti-gpl20). 

Following a delay to allow sufficient p-galactosidase 
expression, cells were fixed and stained for P galacto- 
sidase expression. However, sensitivity of this assay was 
poor. PCR Southern analysis was therefore used to detect 
transduced IacZ DNA in infected cells. PCR was used to 
generate a fragment of 480 bp of the IacZ gene, and the 
nature of the reaction product was confirmed by South- 
ern blot using a specific 32 P-labeled IacZ probe. The 
detection of iacZ DNA in cells infected with the MuLV 
viruses having incorporated either truncated HIV Env or 
MuLV amphotropic Env was easily achieved. Further 
more. IacZ gene transfer was specifically prevented upon 
treatment with anti-gpl20 in the case of the truncated 
HIV Env glycoprotein MuLV pseudotype (Figure 4a). 
Amplification of the control CADPH gene confirmed the 
quality of each DNA sample. These results demonstrate 
the targeted delivery of a transduced IacZ gene into acti- 
vated PBLs through the use of a MuLV retroviral vector 
harboring heterologous truncated HIV envelope glyco- 
proteins. Identical results were obtained when cells were 
collected from a second blood donor. 

Specificity of infection in PBLs 

Although the specific infection of the CD4* cell popu- 
lation was suggested by the inhibitory effect of antibodies 
against gpl20, CD4/CD8 cell sorting was further perfor- 
med in order to identify the activated PBL populations 
targeted by the pseudotyped MuLVs. Activated PBLs 
were infected as described previously and sorted into 
separate CD4 expressing and CD8 expressing PBL subpo- 
pulations. A typical distribution of a sorted infected cell 
population is shown in Figure 4b. Subpopulations of 
CD4 ' or CD8* cells were then lysed and PCR Southern 
blot analysis performed to determine which subpopul 
ation supported IacZ transduction. Both CD4* and CD8* 
PBL subpopulations acquired IacZ DNA upon infection 
with the MuLV virus harboring amphotropic Env 
(Figure 4c). However, only the CD4* cells demonstrated 
susceptibility to MuLVs harboring truncated HIV Env 
(Figure 4c). These results demonstrated the capacity of 
pseudotyped MuLVs to target and specifically infect 
CD4* PBLs. 

The efficiency of lacZ transduction in sorted CD4* PBL 
subpopulations was estimated by Southern blotting of 
fragments obtained by PCR of serial dilutions of DNA 
from cells transduced with either MuLV Env or HIV Env 
harboring viruses (Figure 5). LacZ detection by this pro- 
cedure in cells transduced with the HIV Env viruses 
required an approximately four-fold higher amount of 
DNA than the detection in cells infected with the ampho- 
tropic virus (compare lanes 2-7). Moreover, control cellu- 
lar CADPH single-copy DNA could be detected at DNA 
levels similar to that of transduced IacZ in cells infected 
with the amphotropic virus. Since controls for IacZ and 
CADPH PCRs reveal similar efficiency in serial dilutions 
of plasmids harboring the respective genes (results not 
ihown). this suggests that transduction efficiency with 
the amphotropic virus is close to 100%. Therefore, despite 
the fact that infection was performed under conditions 



optimized for MuLV Env. truncated HIV Env viruses 
transduced IacZ efficiently, approaching 20-25% of the 
CD4* cells. 

Discussion 

In the present study, it was demonstrated that an HIV 
Env in which the 144 carboxy terminal amino acids of 
the cytoplasmic domain have been deleted can still be 
incorporated into wild-type HIV particles. This contrasts 
with the situation observed with smaller deletions show- 
ing altered incorporation into the virion. 34 These obser- 
vations can be reconciled, however, since the HIV Env 
with a complete truncation of its intracytoplasmic 
domain is also incorporated into HIV viruses harboring 
known matrix mutations that normally interfere with 
HIV Env incorporation. 27 28 Truncation of the cytoplasmic 
HIV Env domain apparently alleviates any need for spe- 
cific HIV Cag interaction, effectively converting the incor- 
poration mechanisms to that of shorter cytoplasmic- 
domain glycoproteins. Accordingly, the truncated glyco- 
protein was incorporated into MuLV viral particles, in 
contrast to full-length envelope. Similar observations 
were also reported by other groups. 3031 Nevertheless, in 
order for the truncated glycoprotein to be useful for 
retroviral vectors, it must retain the general features of 
the wild-type glycoprotein, namely, correct processing. 
CD4* interaction and membrane fusion, all prerequisites 
to the release of the nucleocapsid into the cytoplasm. In 
fact, it proved to be, that in CD4 expressing HeLa cells, 
the infectious potential of the pseudotyped MuLV viruses 
was comparable to that of MuLV viruses harboring 
amphotropic MuLV Env, or HIV viruses possessing 
either full-length or truncated forms of HIV Env. as pre- 
viously reported. 30 Moreover, pseudotyped viruses exhi- 
bited similar infectivity withouc the additional presence 
of full-length MuLV or HIV Env. as was shown necessary 
in the case of chimeric ligand-Env glycoproteins. 35 
Finally, specific, targeted infection of the CD4* PBL sub- 
population was obtained using the MuLV-based vector 
pseudotyped with the truncated HIV Env. Interestingly, 
despite the fact that infection was performed under con- 
ditions optimized for MuLV Env. truncated HIV Env 
viruses transduced PBLs with only slightly inferior 
efficiency to that of amphotropic MuLV viruses. These 
modified viral vectors are thus able to recognize 
efficiently and specifically infect CD4* cells in a mixed 
cell population. 

There could be numerous advantages in using such a 
vector in gene therapy for AIDS. The true tropism of HIV. 
including possible CD4-independent cell tropism. should 
be retained by such pseudotyped viruses. Furthermore, 
tropism to CD4" macrophages or lymphocytes could be 
achieved by pseudotyping MuLV with truncated macro- 
phage-tropic or T-tropic HIV Env glycoproteins. Access 
to CD4" nondividing cells (such as dendritic cells and 
macrophages) could eventually be obtained by grafting 
other functional elements of the HIV virus, such as the 
HIV matrix or Vpr proteins, on to MuLV viral vectors 
coated with such HIV truncated Env glycoproteins. This 
strategy could retain desired functions of the HIV virus 
while alleviating the potential of HIV replication through 
recombination events, or even synthesis of most HIV pro- 
teins, in gene therapy treatments. These CD4* cell-tar- 
geted MuLV vectors strategies are to be developed with 
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Figure 4 (a) LacZ transduction of PBLs as determined by PCR amplification of lacZ and Southern analyse MuLV viruses ^^^J 1 ^ 
Sins were produce* in COS ceils and used to infect PBLs as described in Materials and methods, wither without ^^'^^'^^ 
T ee s were then lysed and genomic DNA extracted. PCR was performed on aliquots of extracted DNA. followed by ,Sout^ mang ani 



I hzstion with a lacZ specific probe, (b) Representative distribution of C04 and CDS populations of infected cells as determined by F f^na^s 
%Jo7 2 3 x W ofinfecTed cells were treated with a mix of anti-CD8 fluorescein isothiocyanate and anti^CD phycoerythnn- 
\nU sorted with a FACSTAR cell sorter, (c) Southern analysis of transduced ceils following sorting. Infected cells were sorted as CD4 or CDS ceUs. 
a,2 ^u«l of b«Z Us determined by PCR amplification and Southern analysis as in (a). Amplification of a CADPH gene fragment was performed 
in parallel on each DNA sample and the results are presented at the bottom of (a) and (c). 



the goal of delivering inhibitors of HIV replication in spe- 
cific cells. Such viral targets could include either early or 
late steps in the viral replicative cycle. Therapeutic stra- 
tegies include transduction of genes inhibiting proviral 
integration or £ene expression, or activating suicide 
-rnes in HIV-infected cells. The use of gene therapy in 
AIDS could therefore focus on poorly accessible HIV sus- 
i rptible cells, which harbor latent viruses, that remain the 
origin of viral resistance encountered within the current 
i.miretroviral therapies. Finally, the system developed in 
the present report is of great relevance for the study of 
t-ene expression in specific CD4* cell populations. 



Materials and methods 

Proviral constructs and expression plasmids 
Plasmids pHIT60 and pHlT456 respectively encode the 
CagPol protein of MuLV and the amphotropic Env glyco- 
protein of MuLV. The pHlTlll plasmid harbors a lacZ 
gene under the transcriptional control of a modified CMV 
promoter that is fused to the R-U3 regions of the 5' MuLV 
LTR and V encapsidation sequences. All the pHIT 
plasmids were obtained from AJ Kingsman (Oxford 
University. Oxford. UK). 36 Plasmid P SVlllEnv7l3 was 
created by cloning the Kpnl-SamHl (corresponding to 
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FigureS (a) LacZ transduction efficiency of truncated HIV Env and 
amphotropic Env MuLV viruses. Efficiency of lacZ transduction in sorted 
CD4* PBL subpopu tat ions was determined by Southern blotting of frag- 
ments obtained by PCR of shown serial dilutions ofDNA from ceils trans- 
duced with either MuLV Env or HIV Env harboring viruses. Control 
cellular GADPH DNA is shown in (b). 



nucleotide positions 5893 and 8017 of HIV HXBc2 pro- 
viral DNA. respectively; -hi = site of initiation of 
transcription) segment of HXBHIOACT. 30 a proviral DNA 
containing a stop codon in env (corresponding to a TCA 
to TAA substitution at HlV-HxBc2 nucleotide position 
7902). and encoding an Env truncated of its cytoplasmic 
domain (obtained from Heinrich C Cottlinger. DFCl. Bos 
ton. MA. USA) in pSVIilEnv. the vector used for 
expression of Env under the control of the HIV. LTR pro- 
moter. The Env negative proviral construct harboring a 
mutation in the matrix protein HXBH10Env-(Kpn//5)^l6- 
18 was generated by cloning the Sa/I-BamHI (HXBH10 
nucleotide positions 5372 and 8058. respectively: +1 = site 
of initiation of transcription) fragment of HXBHlOEnv- 
{Kpnlfs) into HXBH 10A16-18; both plasmids have been 
described elsewhere. 25 37 38 

Cell lines and ant/sera 

The 293T. COS. HeLa. HeLaCD4 39 and HeLaCD4LTRp- 
gal 33 cells were maintained in DMEM supplemented with 
5% fetal calf serum (FCS) and 1% streptomycin and peni- 
cillin. Human antiserum No. 162 against HIV proteins 
has been described . elsewhere. 37 The goat antiserum 
against MuLV Gag (76S000127 and 79S000804) was 
obtained from Quality Biotech (Biological Carcinogenesis 
Branch, NCI. Camden. NJ, USA); antiserum raised 
against MuLV Env (80S00019) was also obtained from 
Quality Biotech. 

Transfection, metabolic radiolabeling and 
radioimmunoprecipitation 

DNA transfection in 293T cells (10 6 ) was performed using 
liposomes, as previously described. 37 Briefly. 10 |xg of the 
CagPol encoding plasmids (pHIT60, HXBHlOEnv- 
{Kpnlfs) or HXBH 10Env-(Kpn/fs)Al6-l8) were cotrans- 
fected with 15 M-g of one of the following Env encoding 
plasmid constructs: pHIT456. pSVUIEnv or pSVIil- 
Env? 1 3. When pHlT60 was cotransfected with the HIV 



Env or truncated HIV Env plasmid expression vectors. 
5 ^g of a HIV transactivating protein (Tat) encoding plas* 
mid (SVCMVTat) was added to the DNA mix before 
transfection. since transcription of both Env genes is 
driven by the HIV LTR. and their efficient expression is 
thus dependent on the presence of Tat. Following a 36 h 
transient expression period, cells were labeled with 
150 H-Ci/ml of J5 S methionine (Tran 35 S-label: ICN Biome- 
dicals. Irvine. CA. USA) for 8 h in methionine free- 
medium. Supernatants were harvested and ukracentri- 
fuged (100000 g for I h in a Beckman Ti50.4 rotor; 
Beckman Instruments. Mississauga. Ontario. Canada) to 
generate a crude viral pellet; cells and viral pellets were 
then resuspended in R1PA lysis buffer (10 mM Tris-HCI 
(pH 7.4), ImM EDTA. 100 mM NaCi. !% Triton X-100. 
0.1% SDS. 0.25% sodium deoxycholate. 0.2% phenylme- 
thylsulfonyl fluoride (PMSF)). Viral proteins present in 
lysed cells or viral pellets were immunoprecipitated with 
a mix consisting of HIV-positive human, goat anti MuLV 
Gag and goat anti-MuLV Env antisera (all used at 1:5000 
dilutions) and loaded on to an 11% SDS-PACE gel as 
described previously. 37 Labeled proteins were then 
revealed by autoradiography. 

Infectivity assay using p-galactosidase activity 
The infectivity assay used to determine if viruses harbor- 
ing the different Env glycoproteins retained infectious 
capacity was similar to the one described by Kimpton 
and Emerman. 33 with several modifications, in order to 
comply with the MuLV lacZ transduction strategy elabor- 
ated by Soneoka ct a/. 36 Briefly. COS cells were lipofected 
with various combinations of CagPol encoding DNA and 
Env expression vectors as described in the previous sec- 
tion. Furthermore. 15 p.g of the pHITl 1 1 lacZ vector was 
added to every transfection when pHlT60 was present, 
in order to obtain lacZ transduction through MuLV 
viruses. At 40 h after transfection. viruses were harvested 
in 2 ml of DMEM supplemented with 8% FCS and fil 
tered on 0.45 mm pore diameter filters (Millipore. 
Bedford. MA. USA) to remove cellular debris. A reverse- 
transcriptase assay was performed on aliquots of the fil- 
tered supernatants 40 41 to determine virus yield. Equival- 
ent amounts of the HIV (100 000 c.p.m.) or MuLV 
(150 000 c. p.m.) viruses were used to infect either HeLa. 
HeLaCD4 or HeLaCD4LTRp-gal cells, seeded the pre 
vious day in 24-well plates at 3 x 10 4 cells per well. Polyb- 
rene (10 jxg/ml) was added to the infected cells and 
diluted 8 h into the infection with fresh DMEM sup- 
plemented with 8% FCS and antibiotics. Finally, cells 
were washed, fixed and stained as previously described^ 3 
40 h after the start of infection and the number of blue 
cells determined using light microscopy. 

Culture, isolation and infection of PBLs 
Peripheral blood mononuclear cells (PBMCs) were 
obtained from volunteers by Ficoll-Paque centrifugation 
as recommended by the manufacturer (Pharmacia. Baie 
d'Urfe. Quebec. Canada) and washed thoroughly to 
remove platelets. PBLs were enriched from the PBMCs 
by two-step adherence to remove contaminating macro- 
phages. Cells were cultured in the presence of phytohem 
agglutinin (PHA. 5 *xg/ml) for 72 h to obtain activated 
lymphocytes. Following activation, cells were washed 
several times to remove the lectin and were maintained 
in RPMI supplemented with glutamine and 10% 




FCS. penicillin-streptomycin (100 U/ml). gentamycin 
(lOjxg/ml) and 20 U/ml interleukin-2 {rIL2; Boehringer 
Mannheim. Laval. Quebec. Canada) at 37°C in a 5% CO z 
incubator Infection of PBLs was performed in conditions 
similar to those described by Bunnell ef ai* 2 Briefly, 
i x I0 ti PBLs were seeded in six-well plates, at 2 ml per 
well, in phosphate-free RPMI supplemented with 10% 
FCS and rIL2 for 8 h. since phosphate depletion has been 
shown to enhance MuLV receptor expression in suscep- 
tible cells. Subsequent to the phosphate depletion step, 
cells were exposed to viruses (at a MOI of 0.1 as determ- 
ined by the number of blue cells obtained with HeL- 
aCD4LTRp-gal cells) and centrifuged at low speed and 
32°C for 60min in a Beckmann CS-6R centrifuge 
(Beckman Instruments). Following centrifugation, cells 
were incubated for 12 h at 32°C. washed and maintained 
in RPMI supplemented with 10% FCS. rlL2 and the anti- 
biotics as above. A second series of infected cells was 
treated with sheep anti-gpL20 at a dilution of 1:250 
throughout the infection procedure in order to determine 
the specificity of the viruses for targeting the CD4" cell 
population. 



Analysis of infected PBLs by PCR and Southern blot 
A IacZ PCR Southern blot strategy was used to detect 
transduced lacZ DNA in PBLs. Briefly, cells were lysed by 
repeated freezing and thawing, cell nuclei pelleted and 
treated with proteinase K (0.1 mg/ml) 1% SDS in Tris 
buffered saline for 4 h at 50°C DNA was extracted by 
two steps of phenol-chloroform and eihanol precipi- 
tation. A fifth of this crude extract was used to detect iacZ 
mme transduction by PCR amplification. Amplification 
was carried out using Taq DNA polymerase (Perkin 
Klmer. Norwalk. CT. USA) and required 30 cycles of 
1 min at 94°C; 2 min at 50°C and 3 min at 72°C. The pri- 
mers used to amplify iacZ were 5'-CTTCTATAGA 
CACCCAAACAC-3' (sense) and 5'CCCCTCCCA 
ITCTCCCTCCG-3' (antisense). Detection of the lacZ 
sequence was performed by Southern blotting and 
hvbridization with a probe corresponding to the homolo- 
gous lacZ region and generated by nick-translation using 
« :, -P-dATP (3000 Ci/mmol; ICN Radiochemicals. Irvine. 
CA. USA). The glyceraldehyde-3 phosphate dehydrogen- 

1 ;CADPH) primers that were used as internal PCR 
amplification controls were 5-CCTCATCCCCCCATC 
TTCGT-3 (sense oligonucleotide) and 5-CAAACG 
TCCACCACTGGCTCT-3 (antisense oligonucleotide). 
The CADPH amplified product was detected using a 
probe covering the entire CADPH sequence 43 and gener- 
ated by nick-translation. 

FACS analysis of the transduced cells was performed 
with Cyto-Stat/Coulter Clone T8-F1TC anti-CD8 fluor- 
escein isothiocyanate or T4-RDI anti-CD4 phycoerythrin- 
conjugated antibodies (Coulter Corporation. Miami, FL. 
USA). Following extensive washing, approximately 1- 

2 x 10 5 CD4* or CD8 + cells were sorted using a FAC- 
STAR cell sorter (Becton Dickinson. Mountain View. CA. 
USA). Sorted cells were lysed and analyzed for lacZ 
transduction by PCR and Southern blot analysis as pre- 
viously described. Quantification of signals on autoradio- 
(irams was performed with a Molecular Dynamics 
Personal Densitometer (Sunnyvale, CA. USA) using 
InuigeQuant software. 
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MLV-Derived Retroviral Vectors Selective for CD4-Expressing Cells and Resistant 
to Neutralization by Sera from HIV-infected Patients 
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Retroviral vectors derived from amphotropic murine leukemia viruses (MLV) mediate gene transfer into almost all human 
cells and are thus not suitable for in vivo applications in gene therapy in which cell-specific gene delivery is required. We and 
others recently reported the generation of MLV-derived vectors pseudotyped by variants of the envelope glycoproteins (Env) 
of human immunodeficiency virus type 1 (HIV-i). thus displaying the CD4-dependent tropism of the parental lentivirus 
(Mammano et ai, 1997, J. Virol. 71. 3341-3345; Schnierle era/., 1997, Proa Natl. Acad. Sci. USA 76. 8640-8645). However, 
because of their HIV- 1 -derived envelopes these vectors are neutralized by HIV-specific antibodies present in some infected 
patients. To circumvent this problem, we pseudotyped MLV capsid particles with variants of Env proteins derived from the 
apathogenic simian immunodeficiency virus (SlVagm) of African green monkeys (AGM; Chlorocebus pygerythrus). Truncation 
of the C-terminal domain of the transmembrane protein was found to be necessary to allow formation of infectious 
pseudotype vectors These (MLV(SlVagm)l vectors efficiently transduced various human CD4-expressing cell lines using the 
coreceptors CCR5 and Bonzo to enter target cells. Moreover, they were resistant to neutralization by antibodies directed 
against HIV- 1 Therefore. (MLV(S!Vagm)| vectors will be useful to study the mechanisms of SlVagm ceil entry and for the 
selective gene transfer into CD4* T-cells of AIDS patients. : 2000 Academic Press 



INTRODUCTION 

Selective gene transfer into CD4-expressmg human 
T-cells is necessary for the treatment of a variety of 
immune dysfunctions, including severe combined immu- 
nodeficiency (SCID; Anderson, 1984; Blaese et ai.. 1995) 
and AIDS (for review, see Yu et at.. 1994; Pomerantz and 
Trono. 1995) as well as T-cel! lymphomas. Retroviral 
vectors derived from murine leukemia virus (MLV) are 
suitable for efficient gene transfer into human T-cells, 
because they mediate chromosomal integration of the 
delivered expression vector and have a low frequency of 
genetic recombination or mutation. 

In many of the ongoing clinical trials employing retro- 
viruses, the retroviral envelopes have been derived from 
amphotropic MLV. The surface glycoprotein gp70-SU of 
amphotropic MLV. which targets the cell surface receptor 
Ram-l (Kavanaugh era/.. 1994; K'ozak et a!., 1995; Eiden 
et al.. 1996). allows infection of almost all human primary 
cells and is therefore not suitable for gene transfer into a 
predetermined cell type. Consequently, gene transfer is 
generally performed ex vivo and involves purification of 
the target cells, gene transfer in tissue culture, and 
reinfusion of the genetically modified cells. 

MLV-derived retroviral vectors selective for CD4-posi- 



' To whom correspondence and reprint requests sno.iid oe ad- 
dressed. 



tive cells have been described previously. We and others 
(Mammano et al., 1997; Schnierle et ai.. 1997) 
pseudotyped MLV capsid particles with the envelope 
glycoproteins (Env) of human immunodeficiency virus 
type 1 (MLV(HIV- 1 )) (Indraccolo et at.. 1998) with those of 
the simian immunodeficiency virus from Rhesus ma- 
caques (Macaca mulata: [MLV(SIVmac)]). However, the 
use of [MLV(HIV-l)] in HIV-seropositive individuals is 
hampered by the presence of antibodies directed 
against HIV- 1 envelope proteins, which are expected to 
significantly reduce transduction efficiencies. Although 
neutralization of [MLV(SIVmac)] vector particles by HIV- 
1 -specific antibodies was not studied by Indraccolo era/. 
(1998). it is known from previous reports that sera from 
HIV-1 -infected individuals cross-react with SlVmac 
(Blomberg et at.. 1990). In contrast, the simian immuno- 
deficiency virus (SlVagm) from African green monkeys 
[Chlorocebus pygerythrus) is only poorly neutralized by 
HIV-l-specific antibodies (Cichutek and Norley. 1993). 
Furthermore, while SlVmac is pathogenic not only in its 
natural host but also in other primates (Sirnon et at.. 
1994) and humans (Khabbaz et at., 1994). SlVagm is 
apathogenic after natural and experimental infection of 
African green monkeys and other nonhuman primates 
(Beer et at., 1998). making the Env proteins of this virus 
more favorable for the generation of gene-therapy vec- 
tors. 

The [MLV(HIV-I)] vectors were constructed using the 
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FIG. 1. C-terminal ammo acid sequences of Slvagm3-TM. MLV TM. and recombinant TM-protems. The ammo acid sequences of the transmembrane 
region (TMR) and of the processed cytoplasmic domains (C-tails) are snown. Sequences derived from MLV are underlined. Larger letters pnnted to 
bold indicate amino acid residues encoded by the recombinant A/on-restnction sites. All other ammo acids are encoded by S!Vagm3. 



surface envelope protein gp120-SU of a T-cetl line 
adapted HIV-1 variant and a truncated transmembrane 
protein (TM; reviewed in Adachi et al, 1986; Wilk et al. 
1992). fn contrast, no formation of infectious pseudotype 
vectors was observed using the full-length TM-protems 
of HIV-1. Curiously, no C-terminal truncation was reported 
to be necessary for SIVmac Env incorporation by MLV 
(Indraccolo et al.. 1998). pointing out considerable differ- 
ences between the envelope glycoproteins of simian and 
human immunodeficiency viruses. In addition. Linde- 
mann et al (1997) have reported that fusion of the C- 
terminal amino acids of the MLV TM mediated enhanced 
incorporation of heterologous envelope glycoproteins 
derived from humarrspuma retrovirus (HSRV) into MLV- 
based capsid particles. We therefore wanted to assess 
whether these C-terminal regions of MLVTM would also 
support the incorporation of envelope glycoproteins de- 
rived from SIVagm into the respective vector particles. 

The study revealed that truncation of the C-terminal 
domain of TM of SIVagm is required for the formation of 
infectious pseudotype vectors. The [MLV(SIVagm)] vec- 
tors specifically infected CD4+ human cells but. in con- 
trast to [MLV(HIV-l)] vectors, were resistant to HlV-spe- 
cific antibodies or any other inhibiting factor present in 
the sera of HIV-1 -infected individuals. 

RESULTS 

Variant env genes of SIVagm are functionally 
expressed in TELCeB6/rev ceils and mediate 
syncytia formation with CD4 + T-cells 

The wild-type env gene of SIVagm encodes a 130-kDa 
surface glycoprotein (gp130-SU) and the transmembrane 
glycoprotein gp35-TM. Two env gene variants derived 



from wild-type SIVagm3mc env (Baier et al, 1990) were 
constructed by C-terminal truncation of TM (see Fig. 1). 
These variants were designed to encode the full-length 
gpl35-SU plus a truncated variant of TM. each compris- 
ing a C-taii of 10 (A/0 env) and 23 (MO MLV env) amino 
acids, respectively, following the putative transmem- 
brane region (TMR). As a result of the cloning strategy, a 
few additional amino acids unrelated to the wild-type TM 
were added to the C-termini (see Fig. 1, amino acids in 
bold). Env genes A/0 env and &10MLV env encode 7 
C-terminal amino acids derived from SIVagm and 3 res- 
idues generated by a recombinant /Vo/l-resthction site 
within the respective env gene variant. In addition. 
'\10MLV env includes parts of the MLV env gene to 
express a chimeric TM-protein terminated by amino ac- 
ids derived from MLV TM, which presumably allow con- 
tact with the capsid. proteins of the MLV core. The HIV- 1 
rev-positive, but en>/-negative, packaging cell line TEL- 
CeB6/rev constitutively producing capsid particles of 
MLV was used for the initial experiments to ensure 
sufficient expression of recombinant env gene con- 
structs derived from SIVagm. This new packaging cell 
line allows efficient expression of rev-negative lentiviral 
env genes (data not shown). 

TELCeB6/rev cells were transfected with plasmid DNA 
comprising the variant SIVagm env genes described 
above and cocultivated with Molt4.8 cells. After 3 days, 
very large syncytia were seen in cultures containing cells 
expressing A 10 env, whereas all other cocultures, includ- 
ing those with wild-type SIVagm Env-positive celts, 
showed only small syncytia (data not shown). All syncytia 
observed were specifically stained in the SlVagm-spe- 
cific immunoperoxidase assay, indicating that they were 
formed by expression of fusion-competent env gene 
products. 
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FIG. 2. Efficacy of pseudotype formation using variant SlVagm env 
genes. TEl_CeB6/rev celfs were transiently transfected with the env 
genes indicated followed by cocuUivation with MoU4.8 T-cells. Mock- 
transfected TELCeB6/rev cells served as negative controls; celts trans- 
fected with plasmid pHIT456 DNA encoding the env gene of ampho- 
tropic MLV {aMLV env) served as positive controls. T-cells were then 
stained using the X-gal assay. Transduction efficacies represent the 
results of three independent experiments 

SIVagm-derived env gene products encompassing 
C-terminally truncated TM allow pseudotype 
formation with MLV 

To test [MLV(SIVagm)] particle formation and subse- 
quent marker gene transfer, the cell tine TELCeB6/rev 
was transfected with plasmid DNA encoding the respec- 
tive SlVagm env gene variants or with plasmid pHIT456 
encoding the amphotropic MLV env gene (aMLV env) as 
a positive control. Twenty-four hours later, the ceils were 
cocuttivated with 5 x 1CT Molt4.8 T-cells in transwell 
culture plates, which prevent cell-to-cell contact but al- 
low diffusion of vector particles to the target cells. After 
a further 2 days, the T-cells were expanded separately 
for an additional 2 days, and then X-gal- stained to detect 
marker-gene transfer. The transfected packaging cells 
were also immunostained to quantify the number of cells 
expressing lentivirai envelope glycoproteins to ensure 
comparable transfection efficiencies in all experiments. 

No gene transfer was detected using the transfected 
env gene construct pRepwt env or the negative control 
cells (Fig. 2). In contrast, efficient gene transfer was 
detectable following transfection of env gene variants 
A/0 env and 1WMLV env. presumably as a result of 
infectious pseudotype particle formation. The number of 
transduced cells, and thus the titer of [MLV(SIVagm)] 
particlesjformed, using A 10 Env (650 transduced cells) 
was similar to that seen using amphotropic MLV Env 
(720 transduced cells). Addition of the C-terminal amino 
acid sequences of MLV in construct pRepAlOMLV env 
led to a decrease in infectious panicle formation relative 
to that observed using the env gene variant A/0 env. 
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[MLV(SIVagm)) vector particles specifically infect 
CD4+ cells, efficiently utilizing the coreceptors 
CCR5 and Bonzo 

To establish a packaging cell line continuously pro- 
ducing [MLV(SlVagm)] vector panicles, piasmtd pRepAlO 
env, containing in addition to the SlVagm env gene van- 
ant a hygromycin resistance gene, was transfected into 
TELCeB6 cells. Following hygromycin B selection, more 
than 50 resistant cell colonies were randomly selected 
and shown by immunostaining to express the SlVagm 
env gene. These colonies were pooled and expanded 
further to give the packaging cell line AlOMix. Using 
anti-SIVagm serum and a protein G-gold-labeled conju- 
gate, labeled vector particles derived from AiOMix cells 
were seen by electron microscopy (data not shown), 
indicating the presence of SIVagm-derived envelope gly- 
coproteins. Neither the parental eni/-negative packaging 
cell line TELCeB6 nor TELCeB6 cells transiently trans- 
fected with pHIT456 DNA (encoding the amphotropic 
MLV env gene) produced panicles stained wtth this pro- 
cedure (data not shown). 

These (MLV(SlVagm)] vector stocks harvested from 
A tOMix packaging cells were employed to transduce the 
human T-cell lines Molt4.8. C8166. and Jurkat as well as 
HeLa and HeLaCD4+ cells. All CD4-positive human 
cells were transduced by [MLV(SlVagm)] vector particles 
(Fig. 3). Titers in Molt4.8 and C8166 cells were 8 and 5 x 
10 J i.u./ml. respectively. Titers 2-4 were orders of mag- 
nitude lower in jurkat and HeLaCD4+ cells, while no 
transduction of CD4-negative HeLa cells was detected. 

To verify that transduction by [MLV(SlVagm)] vector 
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FIG 3. Vector titers in various human CD4- cell lines and HeLa 
cells. The cell lines indicated were transduced using different dilutions 

a defined vector-containing supernatant derived from packaging celt 
hne A lOMix. Infection of target cells was determined oy X-gal staining 
2 days postinfection. Titers shown represent tpe results of three inde- 
pendent experiments. Vector particles harvested from the enu-negative 
packaging cell line TELCe86 served as negative controls and were not 
aoie to mediate detectable gene transfer (< to ■ a mil. 
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FIG. 4 CD-*-sp-?c:ficity and coreceptor usage of [MiV(SiVagm}| vec- 
tors. (A) MoiU 3 T-oeils were incubated m media containing different 
concentrator.* or the anti-CD4 antibody iOT4a and transduced with 
[MLVtSiVagm; vectors. Transduction efficacies shown were deter- 
mined us.n7 ( :r 0 x-gal assay and resulted from three .independent 
e*per«men:s (3i A panel of GHOST- and u87-aenved cell imes express- 
ing d.jfriren! wto-eptors and CD4. or only CD4. was transduced by 
[MlVtSivao^V -rCtors and infection was revealed by X-gal staining 2 
days pcst:r'ec!i';n r,ters shown represent the means of three mde- 
peno-jnt *;<^r:'^ems. 



panicles was CD4-dependent, transduction experiments 
were performed in Molt 4.8 cells in the presence of the 
monoclonal anti-CD4 antibody lOT4a. previously shown 
to inhibit HIV-l infection (Sattentau et aL. 1986). Target 
celts were premcubated for 30 min with the antibody 
before [MLV(SIVagm)] vector particles were added. After 
2 h. cells were washed and expanded for 3 days.Vector 
titers were then measured by X-gal staining. As shown in 
Fig. 4A, iOT4a dose-dependent inhibition of transduction 
was observed. In contrast, no influence on the gene 
transfer efficacy was detectable in the presence of 5 
/xg/ml of the control antibodies, directed against the 
nerve growth factor receptor and CD3, respectively (data 
not shown). Entry of the [MLV(SIVagm)] vector panicles, 
therefore, depends on the presence and availability of 
' the human CD4 receptor. 

To elucidate the coreceptor dependence of the [MLV- 
(SlVagm)] vectors, two panels of cell lines (U87 and 
GHOST), each expressing human CD4 alone or CD4 plus 
one of several coreceptors described to allow cell entry 
of various HIV and SIV strains, were tested (Hill et aL, 



1997; Cecilia et aL 1998). In this investigation, l x 10 
cells were transduced with various dilutions of [(MLV- 
(SIVagm)| vector-containing supernatant harvested from 
the packaging cell line AlOMix and vector titers were 
measured 2 days later. For both cell panels, the most 
efficient transduction was observed with cells express- 
ing CD4 and the coreceptor CCR5 (Fig. 4B). GHOST cells 
expressing Bonzo were also transduced, however, sig- 
nificantly less efficiently. Besides CCR5. the coreceptors 
Bob and Bonzo were shown to be used by various other 
SIV strains (Deng et aL 1997). It is notewonhy that all 
other U87 and GHOST cells, even those expressing only 
CD4, showed evidence of low-level transduction. For the 
GHOST-ceM panel, a low level of Bonzo background ex- 
pression was recently demonstrated by Edinger et aL 
( 1998). As revealed by RT-PCR on RNA extracted from the 
U87 cell variants, we could detect Bob- and Bonzo- 
specific mRNA (data not shown). Thus, the low level of 
background transduction was probably due to Bonzo 
expression. Overall. CCR5 and Bonzo are the corecep- 
tors used by the [MLV(SIVagm)] vectors. Similar corecep- 
tor usage was observed during infection of U87 and 
GHOST cells with replication-competent SIVagm3mc 
(data not shown). 

[MLV(SIVagm)] pseudotype vectors are resistant to 
neutralization by sera from HIV-1 infected individuals 

SIVagm are only poorly neutralized by anti-HIV-l anti- 
bodies (Cichutek and Norley. 1993) and to test whether 
[MLV(SlVagm)| vector panicles are also unaffected, 
transduction experiments were performed in the pres- 
ence of sera from asymptomatic HIV-1 -infected donors 
previously shown to neutralize various T-cell line 
adapted and primary isolates of HIV-1: 5 x to 3 i.u. of 
(MLV(SIVagm)J and of [MLV(HIV- 1 )] (Stitz et aL, 1998^ 
were used to transduce Molt4.8 T-cell s after mcubatio r 
with the sera (diluted 1:20) for 1 h at 37°C. Two days 
later, as shown in Fig. 5. X-gal staining revealed that the 
titers of both pseudotyped vectors were slightly de- 
creased by serum from a healthy donor (control serum). 
In contrast. anti-HIV- 1 sera drastically reduced the titer of 
the [MLV(HIV-l)] vector panicles, whereas no significant 
effect on the [MLV(SIVagm)] vector was seen. 

DISCUSSION 

Here we repon that the gene products of SIVagm env 
gene variants encoding C-tails of 10 and 23 amino acids 
enabled formation of infectious [MLV(SIVagm)] vector 
panicles, in contrast, the wild-type Env of SIVagm. com- 
prising 144 C-terminal amino acids, was unable to ra- 
diate mfecttvity to MLV capsid panicles. Thus. ! * 
results are in line with our previous findings on the 
generat.on of (MLV(HIV-I)l pseudotype vectors (Mam- 
manoetaL 1997; Schnierle et aL 1997) but are. however, 
in contrast to the studies of Indraccolo et ai (1998). 
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Netherlands) via NheUXhol Env gene expression is fa- 
cilitated by the 3'LTR of RSV (Rous sarcoma virus) and a 
polyadenylation signal derived from simian virus 40 
(SV40). (Primer-sequences are available on request.) The 
plasmid pRepwt env encompasses the entire comple- 
ment of rev and env genes of SIVagm3mc (Baier et ai. 
1990; Dittmar et ai. 1995). The plasmid pRepAlO env is 
identical to pRepwt env, except that the intracellular 
domain (C-tail) of the transmembrane protein (TM) is 
truncated to a total extent of 10 amino acid residues. This 
was achieved by recombinant PCR. inserting a recombi- 
nant A/ofl-restriction site followed by a stop codon. The 
plasmid pRepAIOMLV env was generated by inserting 
sequences encoding pads of the C-tail of MLV into the 
recombinant A/ofl-restriction site. The amino acid se- 
quences of the C-tails encoded by the piasmids men- 
tioned earlier are shown in Fig. 1. The plasmid pHIT456 
encoding the env gene of amphotropic MLV {a MLV env. 
kindly provided by A. J. Kingsman; University of Oxford. 
Cambridge, U.K.) has been described elsewhere (So- 
neoka et ai. 1995). 

Cell lines 

The T-cell lines Molt4.8, C8166 and Jurkat were grown 
in RPMI 1640 medium containing 10% fetal calf serum 
(FCS). The adherent cell lines HeLa. HeLaCD4 + 
(ADP047; reviewed in Chesebro et ai. 1991), and the 
derivatives of U87 and GHOST (both cell line panels 
provided by D. Littmann, New York University Medical 
Center, New York; reviewed in Hill et ai. 1997; Cecilia et 
ai. 1998), as well as the packaging cell lines TELCeB6 
(kindly given by Y. Takeuchi and F.-L. Cosset, Chester 
Beany Laboratories, London, U.K.. reviewed in Cosset et 
ai. 1995) and TELCeB6/rev. were grown m Dulbecco's 
Modified Eagles Medium (DM EM; GIBCO/BRL. Eggen- 
stein, Germany) supplemented with 10% FCS (GIBCO/ 
BRL). 

The env-negative packaging ceil lin,e TELCeB6 (Cos- 
set et ai. 1995). providing the gag/pol gene products of 
MLV in trans and expressing a (//-positive. /3-Gal-en- 
coding expression vector, was employed to generate 
pseudotype vector particles, because this cell line 
constitutively releases a large amount of MLV core 
particles. The cell line TELCeB6/rev is a cell clone 
derived from TELCeB6 cells, which additionally ex- 
presses the rev-gene of HIV-1 (construct pCMV-rev/ 
hyg; reviewed in Stitz et ai. 1998). Transfections of the 
packaging cell lines TELCeB6/rev and TELCeB6 were 
performed employing Lipofectamine (GIBCO/BRL). ac- 
cording to the manufacturer's instructions. Selection of 
hygromycin-resistant colonies after transfection of the 
piasmids derived from pRep 4 was carried out in 
medium containing 200 jig/ml hygromycin B (Sigma. 
Deisenhofen, Germany). 



Expression and membrane fusion capacity of the 
SIVagm envelope glycoproteins 

TELCeB6/rev cells were transfected with the pias- - s 
encoding the recombinant env genes of SlVagm3mc. Zr 
the following day, the transfected packaging cells were 
overlaid with Molt4.8 T-cells and cocultivated for 2 days 
Cultures were then incubated with ice-cold methanol for 
15 min. After repeated washing w:th PBS. blocking buffer 
(PBS/1% BSA) was added for i h. Cells were then 
washed again and incubated with an anti-SlVagm serum 
diluted 1=400 (Nem 170). After further washing, cells were 
incubated with peroxidase-conjugated protein-G (Biorad. 
Krefeld, Germany). Finally, antigen-containing cells were 
visualized b w addition of substrate buffer as describee 
previously (Schnierle et ai. 1997). 

Coculttvation experiments 

TELCeB6/rev cells were seeded in double-chamber 
six-well tissue culture dishes {Transwetl. Costar, Cam- 
bridge. MA) and transfected with the respective pias- 
mids. Two days posttransfection, Molt4.8 cells were 
added to the upper chamber, allowing the free diffusion 
of vector particles but preventing cell-to-cel! contact be- 
tween the packaging cells and target T-cells. After 2 
days. Molt4.8 cells were separated from the transfected 
packaging cells and expanded for a further 2 days. 
Transduced T-cells were then stained using the X-gal 
assay as described elsewhere (Sanes et ai. 1986). 

Viral infection, determination of titers, and 
neutralization experiments 

Adherent target cells were seeded m six-well culture 
dishes at a density of 2 x 10' cells/well and T-cells at 
1 x 10' cells/well. Serial dilutions of cell-free (0.45 pim, 
filtered) vector containing supernatants were added, in- 
cubated for 2 h, and washed off. After 2 days, the cells 
were tested for /3-Gal activity, stained cells were 
counted, and viral titers expressed as infectious units per 
milliliter (i.uVml). To demonstrate that vector entry into 
the target cells was mediated by specific binding of the 
pseudotype vector panicles to the cellular receptor CD4, 
transduction of permissive T-cells was performed in the 
presence of the neutralizing (Satientau et ai. 1986) CD4- 
specific monoclonal antibody lOT4a (Dianova. Hamburg, 
Germany), antibodies directed against the human nerve 
growth factor receptor (aNGFR; Boehrmger, Mannheim. 
Germany), and CD3 (OKT-3; OrthoDiagnostics. Germany), 
respectively Susceptibility to neutralization by sera from 
HIV- 1 -infected donors was tested byincubating 5 x 10'* 
i.u. vector panicles with or without sera (diluted 1=20) 
from HIV-1 -infected or uninfected donors for 1 h at 37°C 
in a total volume of 1 ml. Samples were then used to 
transduce Molt4.8 T-cells as described. Vector titers 
were estimated after X-gal staining of transduced cells. 
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Eiectron microscopy 

Confluent cultures of the packaging cell lines were 
treated with fixation buffer (PBS/2% formaldehyde) for 1 h 
at 4°C. repeatedly washed with PBS, and finally incu- 
bated with MOO dilutions of anti-SIVagm serum (Nem 
170) for 1 h at 37°C. After further washing, a 1:50 dilution 
of gold panicle-conjugated protein-G (Bio Cell. Cardiff, 
U.K.) was added and left for 1 h at 37°C. After extensive 
washing with PBS. cells were embedded in epoxyd ac- 
cording to standard procedures (Luft. 1964). 
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High-titer retroviral pseudotype vectors for 
specific targeting of human CD4-positive 
cells 
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We (Schnierle & Sutz « ai. 1997) previously reported the generate of packaging cell 
Tnes thatZduced MLV(HIV-I) pseudotype vector part.cles at moderate titers of up » 9 
x^nfSto^ units per m.l.iUtre (Lu7.nl). New packag.ng cel. I.nes have now teen 
s ab. shed that e„ab.e Z to create MLV(H.V-, > pseudotype vector preparations reaching 
a IS of m 0re than .0° i.u./ml. Using these vectors, stimulated human pr.mary CD4- 
positive T-cells were efficiently transduced. 

Kev vonb: gene therapy; HIV-.; MLV-vec.ors; cel. targeting: CD4-express,ng human 
cells; pseudotypmg; vector concentration procedures 

INTRODUCTION 

An ideal gene therapy protocol would comprise d.rect application of 
*ene delivery vehicles (e.g. viral vector part.cles) into suitable sites of the 
patient's body, e.g. into the blood stream. Such gene delivery systems 
probably would have to allow I) cell specific expression of the foreign 
in the cell type to be genetically modified, 2) long-term express.on of 
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the delivered gene, and 3) safe and easy clinical handling which should also 
be cost-effective. 

The retroviral vectors which are until today most frequently employed 
in clinical trials are derived from the well characterised amphotropic murine 
leukaemia virus (MLV). These vector panicles are able to transduce 
proliferating cells of rodent and human origin expressing the cellular 
receptor Ram-1. Besides serving as the receptor for amphotropic MLV. 
Ram- 1 functions as a phosphate-channel (Kavanaugh et ai. 1994; Kozak et 
al.. 1995; Eiden et al.. 1996). As Ram- 1 is expressed in all human cell 
species, vectors derived from amphotropic MLV are not suitable for in vivo 
gene delivery because unspecific transduction of cells not intended to be 
genetically modified is likely to occur. The unspecific transduction of cells 
from irrelevant tissues will presumably require higher vector doses to 
achieve transduction efficiencies in the target cell population that would 
allow the reconstitution of tissue specific functions previously disrupted by 
genetic defects. Higher vector doses will most likely result in a stronger 
immune response against the viral vector particles and thus, will make 
repeatable efficacious vector application less likely, as vector particles will 
probably be increasingly neutralised by antibodies directed against the 
vector proteins. Moreover, the risk of malignant cell transformation as a 
consequence of the unspecific integration of vector sequences into the host 
cell genome (insertional mutagenesis) may increase, if irrelevant tissues are 
transduced. To avoid these major drawbacks, efforts have been undertaken 
during the past years to develop MLV-derived vectors with a narrowed host 
cell range. 

To alter vector tropism, several strategies have been invented, 
including the use of chimeric envelope proteins that comprise antibody 
fragments or receptor ligands. These modifications are aimed at allowing 
the respective vector panicles to specifically bind to the antigen or the 
receptor corresponding to the antibody or the ligand that has been fused to 
Env proteins, and then to specifically enter a certain cell type displaying the 
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als0 cognate antigen or receptor. These approaches have been shown to be 
successful, but the gene transfer effidenc.es reached so far have been 

oved relatively low (Chuet aL 1994; Somia et aL 1995; Agere/ fl/.. 1996). 

urine The cell tropism of enveloped viruses or viral vector particles is 

^ duCe determined at the level of entry by the envelope proteins, which allow 

llular binding to as well as uptake into the cell. The tropism of a given virus can 

^- V - ^ conferred to a viral vector particle by incorporating heterologous 

< ak et envelope proteins into the virion, a procedure termed pseudotyping. Th.s 

n cdl may result in the generation of virions with an altered host cell range. A 

' viv0 nurnber of MLV-derived pseudotype vector particles have been developed 

to be . n recem years among tnem severa | thal were intended to further optimize 

1 ceUs g e n e delivery tor the purpose of gene therapy. For example, capsid 

10 particles derived from MLV which are pseudotyped using the envelope 

w ° uld proteins of the gibbon ape leukaemia vims (GaLV) or the G-protein of the 

• ed ^ vesicular stomatitis virus (VSV) are often used in today's ex vivo 

onger transduction of haematopoetic stem cells (Kalle et aL 1994). These 

» iake MLV(VSV-G) and MLV(GaLV) pseudotype vector particles seem to be 

-> Wl " superior with regard to the achievable gene delivery efficiency compared to 

'-t the amphotropic MLV-vectors, probably because the cellular receptors used by 

n as a GaLV and VSV to enter the host cell are most likely expressed at higher 

>ehost , eve|s than the arn photropic receptor Ram- 1 (Richardson et aL 1996). 

^ Pseudotype vector particles that display ihe envelope proteins of the feline 

-■'■^ en endogenous virus RD1I4 (Cosset et aL 1995) are resistent against 

-"<» hosl mact.vat.on by human complement and are therefore believed to be more 

stable under in vivo conditions. Remarkably, none of the vector particles 

venied. mentioned above show a narrowed host range to a limited cell species of 

u>b° d y human origin and are therefore only suitable for ex vivo gene delivery, 

lowing Furtner p Seudoly pe vectors derived from MLV have been developed, but 

<* lhe are not necessarily suitable for gene therapy rather than for studying 

^ 10 virological phenomena such as receptor choice or cell entry mechanisms of 
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the parental viruses the envelope proteins were derived from (Vile et al.. 
1990; Landau et ai, 1992). 

We and others (Schnierle & Stit? eta!., 1997; Mammano et al.. 1997) 
decided to exploit the restricted trop.sm of lentiviruses by incorporating 
lentiviral envelope glycoproteins into MLV capsids. This was shown to 
result in the generation of retroviral pseudotype vector particles that 
selectively transduce CD4-expressing human cells and accordingly promise 
to be valuable tools for gene therapy. Diseases that affect CD4+ cells could 
be possible targets for gene transfer using MLV(HIV-l) vector panicles. 
These include severe combined immunodeficiency (SCID) (Anderson et 
al., 1984; Blaese et al., 1995) and AIDS (reviewed in: Yu et al.. 1994; 
Pomerantz et al.. 1995). 

MATERIALS AND METHODS 
Bacteria and plasmids 

All plasrmds were purified from the E. constrain DH10B using 
plasmid purification kits (Diagen, Hilden. Germany). The plasmid P Tr712 
encoding a truncated Env-variant of HIV- 1 was described elsewhere (Wilk 
et ai, 1992). The plasmid pCMV-m/hyg was derived from pCMV-^v 
(Lewis et al., 1990) by insertion of a DNA fragment encompassing the 
hygromycin B gene via Sph I, which was amplified by PCR from DNA of 
the plasmid P Rep4 (Invitrogen, Leek, Netherlands) by a standard protocol 
using the following oligonucleotides: Hygro 5'-Sph I (+), i.e. 5'- 
CATGCATGCCTGCTTCATCCCCGTGGCCCG-3' and Hygro 3'-Sph I 
(-), i.e. 5'-ACATGCATGCCCAGACCCCAGGCAACG CCC-3'. 

Cells and transfections 

The e/iv-negative MLV-derived packaging cell line TELCeB6 (Cosset 
etal., 1995) was kindly provided by F.-L. Cosset (Centre National de la 
Recherche Scientifique, Lyon, France) and Y. Takeuchi (Institute of 
Cancer Research, London, UK). TELCeB6 cells express the gag/pol-genes 
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Electron microscopy 

Confluent cultures of the packaging cell line K52S were treated with 
fixation buffer (PBS / 2 % formaldehyde) for one hour at 4°C and then 
repeatedly washed with PBS and incubated with 1 :500 dilutions of an anti- 
HIV-1 serum from a HIV- 1 -infected donor for one hour at 37»C After 
further washing, a 1 :50 dilution of gold particle-conjugated anti-human IgG 
(B.OCCI1, Cardiff, UK) was added and left for one hour at 37*C on the 
samples. After extensive washing with PBS, cells were embedded into 
epoxyd according to standard procedures (Luft et ai. 1964). 

Generation of vector stocks and ultrafiltration 

Vector-containing supernatants (15-20 ml per 250 cm2 flask) were 
generated by incubation of confluent cultures of packaging cells for 6 to 12 
hours with respective cell culture media. Supernatants were pooled and 
contaminating cells were removed by filtration (0.45 urn fj| ter ) These 
samples were then stored or further concentrated by ultrafiltration. We used 
Centnpre P -devices(Amicon, Beverly, 01915 MA. USA) with membranes 
that are pervious to molecules of a weight smaller than 30 kDa or 50 kDa 
according to the manufacturer's instructions. Usually. 17 mj vector- 
containing supernatants were reduced to a final volume of 1 ml by this 
procedure. Untreated and concentrated vector stocks were stored in liquid 
nitrogen. 



RESULTS 



Establishing high-titer packaging cell lines 

The previously established MLV(HIV-l) vector producer cell lines 
TELCeB6/ P Tr712-KI4 and TELCeB6/ P Tr712-9 (Schnierle & Stitz et ai, 
1 997) derived from the e/iv-negative packaging cell line TELCeB6 (Cosset 
etal, 1995) and transfected with HIV- 1 «,v-gene variant P Tr712 (Wilk ei 
ai. 1992) enabled us to prepare vector stocks reaching titers of up to 10 5 
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i u /ml To test whether more efficient packaging cell lines could be 
established, we transfected plasrrud P Tr712 into TELCeB6 cells followed 
by G418-selection two days later. Further 10 days later. 200 cell clones 
were picked and screened for infectious vector particle release by utrauon 
of pseudotype vector containing supernatants in CD4+ HeLa cells 
(Chesebro e, aL, 1991) that stably express human CD4. Cell clone K52S 
produced the highest vector titers and was expanded. Endpoint titrations 
repeatedly performed in CD4 + HeLa ceils and various T-cell Unes 
(Molt4.8. Jurkat and C8166) revealed pseudotype vector titers of up to 1 .6 
x 10 6 i.u./ml (Table I). 



leUs K52S ani K52S/R20 in CD4-po S Uive cell Unes and HeLa ceUs* 



Tar get cells 

CD4+ HeLa 
HeLa 
Moli4.8 
C8I66 
Jurkat 



Pnrkaoing cells 



K52S 

1.6 x 10* ** 
n.d. 

9 x 10 5 
9 x 10 5 
5 x 10 s 



K52S/R20 
5 x 10 6 ** 
n.d. 
n.t 
nt 
n.t 



experiments (n.t. = not tested). 
** i.u./ml 



All following experiments described here were performed employing 
vector stocks prepared from the new packaging cell line K52S. The 
packaging cell line K52S showed no significant loss in Us capacity to 
produce high-titer vector stocks over a period of several months. By 
immunostain.ng using HIV- 1 -specific ant.-sera from HIV- 1 -infected 
human donors as previously described (Schnierle & Stitz et aL 1997) only 
about 40% of the K52S cells were found to express the vanant envelope 
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proteins of HIV- 1 . Assuming that the titer of infectious vector particles 
should correlate with the percentage of ^-positive packaging cells we 
attempted to increase the titer by subcloning the K52S cells. To avoid the 
time-consuming procedure of biological subcloning and ,n attempt to 
enhance the expression levels of the HIV- 1 -derived envelope glyco- 
proteins, plasmid pCMVrfv/hyg encoding the HIV-1 rev-gene was 
transfected into K52S cells followed by hygromyan B-seiect.on. Fifty 
res.stant cell clones were screened for efficient vector particle release as 
described above. The most productive clone termed K52S/R20 was shown 
to produce three-times higher infectious vector titers. More than 95% of ,he 
K52S/R20 cells were found to express the HIV- 1 -derived envelope 
glycoproteins as shown by Env-speciflc immunostaining (data no. shown). 




Figure 1. Electron microscopic images of MLV(HIV-I) vecior particles KS?S 
pac ag,ng cells were fixed and sta.ned employing an aHIV-, serum and a human IgG 

presence of HIV- 1 -derived envelope proteins in the MLV-denved virions. 
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Morphology of MLV(HIV-l) pseudotype vector particles 

"Vo directly demonstrate the presence of H,V-,-der,ved envelop 
orceins in MLV-capsid particles, we prepared confluen, cul.ures of K52S 
^electron necroscopy. Specific ,abe,„ng of Che envelope proteins 
^performed using polyclonal antibodies from a H.V-l.nfected uma 
L^and a -human-, g O- g o.d conjugates as 

The electron microscopic images revealed C-type e rovra 
Zicles specifically labelled by anti-HlV-.-an.ibod.es (F,g. >. Tms 
LChe presence of HlV-l-denved envelope gl ycoprote,ns ,n the vector 
particles released from packaging cell line K52S. 

MLV(HIV-l) pseudotype vectors produced by the K52S 
£3. «U «ne use the CXCR4 co-receptor during entry 

ioto ssr*. - - * - — ,c ,o - acuy cha T z ; 

lh e tropi^of he vector panicles to be used. As p.asmtd P Tr7 ,2 employe 

the tropisn enC odine in addition to the truncated 

toestablishpackagtngce lm K52S ,n gu ^ ^ 

^membrane , 985; 0ene Ban k accession 

known to be T-cell tropic ^wong ow vmTV- 
numbers MI5654, K02008. K02009. K02010), 

„ pseudotype vector particles were thus expected to tnedtate CXCR4 

^dentLductionofClM^^ 
^thesis, we used a pane, of cel, lines (kindly provtded by OR. L -an- 
Skirball institute. New York, through E M. Fenyo. Karohnska In unite. 
Skirball insiu (1997) from the me g aghoma- 

Stockholm, Sweden) dertved by Hill el al. ( l w > 

„ r MS7 as tareet cells for transduction. In contrast to the 
asterocyte cell line U87 as target ceus 

parenta U87 cells, the panel of U87.CD4 eel, lines expresses ei* bu^n 
CD4 a,o„e or in conjunction wUh one of the chemoki nere^pto ^known 
function as co-receptors for HIV-I infection (reviewed by D Sou,, 

f . „ taraPt cells and transduced using 
,996). 1 x 10> cells were used as targe ee ls 

» MLV(HIV-l) vector containing supematants of K52b ceus. 
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assay performed two days later revealed the exclusive transduction of U.87 
cells expressing CD4 and the chemokine receptor CXCR4 (Fi°. 2) 



Figure 2 Co-receptor usage of MLV(HIV-I) vector particles. A panel of U87 CD4- 
denved cell hnes was transduced by MLV(HIV-I) vec.or panicles prepared from cell 
culture supernatant* of K52S packaging cells. Successful gene delivery was revealed by 
X-Cal staining. Obv.ously, the respective vector particles use the co-receptor CXCR4 

10 Cmer ,he tar 8 el cel,s N<1 'ransducion of cells expressine any ol ,he other co- 
receptors was detected. " 

A)U87.CD4/- : B) U87.CD4 / CXCR4 

C) U87.CD4 / CCR I : D) U87.CD4 / CCR2b ' 

E) U87.CD4 / CCR3; F) U87.CD4 / CCR5 ' 
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No transduction of the U87.CD4 cells expressing any other of the co- 
receptors was detected. It was thus demonstrated that the MLV(HIV-l) 
vector particles retained the tropism of the parental T-cell tropic HlV-1- 
isolate BH10, from which the surface protein gp!20-SU was derived from. 

Optimising MLV(HIV-l) vector particle concentration 

It is known that pseudotype vector particles containing the G-protein 
of VSV are very stable and can be efficiently concentrated by ultrafiltration 
or by ultracentrifugation. It was therefore also attempted to further increase 
the infectious titer of vector stocks by applying simple concentration 
procedures assuming sufficient stability. Seventeen ml of MLV(HIV-l) 
vector-containing supernatants obtained from confluent cultures of K52S 
packaging cells were usually concentrated to 1 ml using a single 
centrifugation step as described in materials and methods. The concentrated 
and, as controls, the untreated vector preparations were subsequently used 
to transduce C8166 T-cells. Transduction was detected by X-Gal staining 
two days post infection. In addition, differently conditioned cell culture 
media were compared with regard to their influence on vector production 
by the packaging cells. During production of vector containing 
supernatants, the packaging cells were cultured in DMEM with 10% FCS, 
glutamine and NSP(VZ), DMEM with glutamine and NSP (VZ-FCS) and 
DMEM without any supplements (pure), respectively. Unconcentrated and 
vector preparations ultrafiltrated using Centriprep30™- and Centriprep50™- 
devices were used in parallel to transduce C8 166 T-cells. As shown in Fig. 
3, the highest vector titers were reached using DMEM without any 
supplements during transduction of the unconcentrated vector particles. In 
contrast, the ultrafiltrated and thus concentrated packaging cell supernatants 
retained the highest vector titers when generated with complete cell culture 
media (VZ). This suggested that VZ allows the packaging cells to produce 
the largest amount of vector particles, but may somehow inhibit vector 
infectivity. The best vector preparations obtained using the described 
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untreated CP 30 CP 50 



Figure 3 C 

Pac k a ging c C „ S ™» of ,„ e 
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Transductions were performed employing 1 x 10 6 PBMCs and 1 x 10 5 i.u. 
of MLV(HIV-l) vector particles titrated on CD4+ HeLa cells. The 
transduced target cells were expanded for 2 days before staining of lacZ- 
positive cells. Pre-incubation (24 h) of stimulated PBMCs with aSDF- ip - 
antibodies led to a 15-fold increase of transduction efficiency compared to 
stimulated PBMCs without aSDF-lp-pre-incubation (Fig. 4). 
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l.Ox 10 5 - 
1.0 x 10 4 - 
1.0 x 10 3 - 
l.Ox 10 2 
l.Ox 10 l 



PBMC PBMC PBMC 

(PHA/TL-2 (PHA/TL-2 (PHA/IL-2) 
+ aSDF;24h) + aSDF; 4h) 



Figure 4. Transduction of peripheral blood mononuclear cells (PBMCs). Cells were 
S by PHA and IL-2 for two days. A part of these cells was d.rectly transduced by 

presence of «SDF- ip-antibodies 4 or 24 hours pr.or transduction Two days post 
S^uon. succ Jul transducnon was detected by X-Ga. sunning. Vector uters from 
■one representative experiment are shown. 

The evaluated vector titer was 6 x 10 4 i.u. and thus hardly as high as 
the vector amount employed in these expenments, indicating that almost all 
pseudotyped vector particles were able to infect the perrrussive T-cell sub- 
population among the PBMCs. Using higher multiplicities of infection 
(M O.I. = infectious vector particle to target cell ratio), we were not able to 
achieve higher transduction efficiencies (data not shown), suggesting that 
only about 10% of the PBMC were susceptible to the respective 
MLV(HIV-I) pseudotype vectors. We further hypothezised that the 
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observed enhanced titers on aSDF-I(J-treated PBMCs reflected the up- a ur 

regulation of the SDF-receptor CXCR4 induced by the decreased hui 

concentration of SDF in the culture medium. CXCR4 was shown to et i 

function as a co-receptor for the MLV(HIV-I) vector particles and is to- 

needed to allow efficient cell entry (Fig. 2). Therefore, the expression-level nai 

of CXCR4 may have an impact on the efficiency of gene transfer mediated vee 

by the respective particles. cell 

re si 
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We have previously shown that an env gene variant encoding a C- 
terminally truncated transmembrane protein and a full-length surface protein 
of HIV- 1 was instrumental to generate MLV(HIV-I) pseudotype vector y n 
particles upon its expression in otherwise t-m-negative MLV-derived a[)[ - 
packaging cells (Schnierle & Stitz et aL, 1997). Previously described mc i 
packaging cell lines produced only moderate vector titers of up to 9 x 10 J pal 
i.u./ml. We report here the generation of new packaging cell lines that 
allow the harvest of supernatants containing more than 1 x 10 6 i.u./ml of 
respective vector particles. The efficiency of vector production is thus 
comparable with that of stable amphotropic packaging cell lines (Markowitz 
et aL, 1988; Cosset et al., 1995) used in today's clinical gene therapy trials. 
The described MLV(HIV-l) vector particles were shown to allow simple j n d 
concentration employing ultrafiltration devices. Using this method, vector 
stocks with titers of up to 2 x 10 s i.u./ml could be generated that should be 
considered sufficient for possible future clinical trials. We also 
demonstrated the successful transduction of primary human T-cells. 
However, transduction seemed to be limited to a small subpopulation of the 
PBMC and could not be increased using higher vector doses. It is 
conceivable to conclude from these data that only a small portion of the 
primary T-cells used here expressed the CD4 receptor in conjunction with 
the CXCR4 co-receptor and was in a state of active proliferation. This is in 
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agreement with reports showing that only a very small subpopulation of 
human T-celis can be infected with HIV (Bruunsgaard el aL. 1995; Zhang 
et aL 1998). The MLV(HIV- 1 ) vector particles described here were shown 
to specifically transduce human CD4/CXCR4-positive cells which are the 
natural host cells for T-cell tropic HIV-1 strains. Thus. MLV(HIV-l) 
vectors may be valuable tools to deliver anti-retroviral genes into the host 
cell compartment of HIV-1. Anti-retroviral therapeutic genes delivered by 
respective pseudotype vector particles could for example encode 
ribozymes, transdominant-negative mutant HIV proteins, RNA-decoys or 
antibody-fragments directed against HIV-1 proteins (reviewed in: Yu et aL, 
1994; Pomerantz et aL, 1995). This would lead to intracellular 
immunisation of the natural host cells against infection by HIV. 
Unfortunately, the use of the MLV(HIV-l) vector particles for in vivo 
applications would probably be restricted to HIV-1 seronegative 
individuals. The humoral anti-HlV-1 -immune response of HIV- 1 -infected 
patients would presumably lead to the neutralisation of the MLV(HIV-I) 
vector particles in vivo before transduction could occur. In contrast, the 
presence of HIV-1 derived envelope proteins in the respective vectors could 
be of benefit when using them as vaccines to induce immunity in healthy 
recipients. These vector particles would induce a humoral immune response 
against HIV-1 Env and are thus potentially beneficial in uninfected 
individuals. 

Acknowledgements 

We would like to thank D. Bauer for excellent technical assistance, 
M. Seibert for expert automatic DNA sequencing and S. Norley, S. 
Ottmann and M. Grez for constructive discussions. We are grateful to S . 
Norley for the donation of aHIV-l-sera, F.-L. Cosset for the donation of 
TELCeB6 cells, B. Chesebro for CD4+ HeLa cells obtained through the 
NIH AIDS Research and Reference Reagent Program. This work was 
supported by grants #01 Kl 9718 and # 01 KV 955^ of the 



422 



J- Stitz el ai. 



Bundesministenum fur Bildung, Wissenschaft, Forschung und 
Technologic to K. Cichutek. 



REFERENCES 

1996). Re.rov.ral d.splay of antibody fragments; .nterdomam spacmg strongly 
mnuences vector mfectivity. Hum. Gene Ther., 7: 2 157-2164. 

Anderson, F.W. (1984). Prospects for human gene therapy. Science. 226: 401-409. 

Blaese, M R Culver, K.W.. Miller, A.D.. Carter. C.S.. Fleisher. T.. Clerici M 
Shearer C, Chang. L., Ch.ang, Y.. To.stohev. P., Creenb.au. J. .. Rosenberg' 
S.A.. Klem. H., Berger. M., Mullen. C.A., Ramsey. W.j.. Muul L Morgan R A 
and Anderson, W.F. (1995). T Lymphocyte-directed gene therapy for ADA- SCID 
m.nal trial results after 4 years. Science, 270: 475-480. 

Bmunsgaard. H Pedersen. C, Scheibel. E. and Pedersen. B.K. (1995). Increase in 

Chesebro. B.. Wehrly. K., Metcalf. J. and Griffin, D.E. (1991) Use of a new CD4 
pos,nve HeLa cel. clone for d.rec, quant.v.cat.on of mfec.iouTh^Ln lunl" 
deficency v.rus from blood cells of AIDS pahen.s. J. Infect. D,s., 163: 64-70 

Chu T., Martinez, I., Sheay. W.C. and Dornburg, R. (,994). Cell target.ng with 
I 2 ° 9 V 2 i :299 VeC,0r Part,deS COn,ainmg "rt**™*** ""ion proteins. LJW 

Cosse,, F.-L.. Tackeuchi, Y.. Ba.tini. J,L.. Weiss, R.A. and Collins, M.K.I. (1995) 

XC^mES*" 1 recombinam retroviruses res,sten ' 10 hu " ian 

d '^x.t.k a - (l996) chemok,nes - h,v -' — d — 

Eiden, M.V., Parrel, K.B. and Wilson. C.A. (1996). Substitution of a single amino acid 
res.due ,s suffices to allow the human amphotropic murine leukemia v.rus receptor 
to also function as g.bbon ape leukemia virus receptor. J. Virol., 70: 1080-1085. 

HilL CM Deng, H.. Unutmaz, D., Kewalramani. V.N.. Bastiani. L.. Corny M K 
Zolla-Pazner, S. and L.ttman. D R. (1997). Envelope glycoproteins from human 
■mmunodefiaency v.rus types I and 2 and simian immunodeficiency virus can use 



ML V (HIV- 1 ) vector particles 



423 



human CCR5 as a co-receptor for viral entry and make direct CD4-dependent 
interactions with this chemokine receptor. J. Virol., 71: 6296-6304. 

Kalle, C, Kiem, H.-P., Goehle, S., Darovsky. B.. Heimfeld, S., Torok-Strob, B.. 
Strob, R. and Schuening, F.G. (1994). Increased gene transfer into human 
hematopoietic progenitor cells by extended in vitro exposure to a pseudotyped 
retroviral vector. Blood, 84: 2890-2897. 

Kavanaugh, M.P., Miller, DC, Zhang, W., Law, W., Kozak, S.L., Kabat, D., Milter, 
D.A. (1994). Cell-surface receptors for gibbon ape leukemia virus and amphotropic 
murine retrovirus are inducible sodium-dependent phosphate symporters. Proc. Natl 
Acad. Sci. USA, 91: 7071-7075. 

Kozak, S.L., Siess, D.C., Kavanaugh, M.P., Miller, A D. and Kabat, D. (1995). The 
envelope glycoproteins of an amphotropic murine retrovirus binds specifically to the 
cellular receptor/phosphate transporter of susceptible species. J. Virol., 69: 3433- 
3440. 

Landau, N.R. and Littamn, D.R. (1992). Packaging system for rapid production of 
murine leukemia virus vectors with variable tropism. J. ViroL, 66: 51 10-51 13. 

Lewis, N., Williams, J., Rekosh, D. and Hammarskjold. M.-L. (1990). Identification of 
a cis-acting element in human immunodeficiency virus type 2 (HfV-2) that is 
responsive to the HIV-1 rev and human T-cell leukemia virus types I and II rex 
protein. / ViroL. 64: 1690-1697. 

Luft, J.H. (1964). Improvements in epoxy resin embedding methods. J. Biophys. 
Biochem. Cytoi, 9: 109-113. 

Mammano, F., Saivatori, F., Indraccolo, S.. De Rossi. A., Chieco-Bianchi, L. and 
Gottlinger, H.G. (1997). Truncation of the immunodeficiency virus type I envelope 
allows efficient pseudotyping of murine leukemia virus particles and gene transfer 
into CD4+ cells. J. Virol., 71: 3341-3345. 

Markowitz, D., Goff, S. and Bank, A. (1988). Construction and use of a safe and 
efficient amphotropic packaging cell line. Virology, 167: 400-406. 

Pomerantz, R.J. and Trono, D. (1995). Genetic therapies for HIV infections: promise for 
the future. AIDS. 9: 985-993. 

Richardson, C. and Bank, A. (1996). Developmental-stage-specific expression and 
regulation of an amphotropic retroviral receptor in hematopoietic cells. Moi Cell. 
Biol., 16: 4240-4247. 

Sattentau, Q.J., Dalgleish, A.G., Weiss, R.A. and Beverley P.C.L. (1986). Epitopes of 
the CD4 antigen and HIV infection. Science, 234: 1 120- 1 123. 



424 J. Shtz c al. 



Schnierle, B.S.. Stitz J Rncrh v m~ i, r- c 
M.. Kurth. R. and achul K 0^^ d «' ^^""'T i"" 
.he envelope g.ycoproteins of H,V ' Jener " °, Z 1°™"™^'™ v !™» *"' h 
infect.on for CD4- expr e SS ,n g cei.s. Pro, Nati Acad'sci. U^Z^ °' 

Somia, N.V., Zoppe, M. and Verma IM 

Vile, R.G.. SchulE, T.F.. Danes. O R. Collins. M.K.L. and Wcss R A ,19911 A 
W«%v. 189: 167-177. lenmnai tail of the env gene product. 



Yu, M., Poeschla, E. and Wone-Siall P (\qqa\ d 

infection. G«, 7*„ . . , ^ ' ^ Pr ° greSS ,0Wards 2 e " e «or HIV 



Zhang, Z.-Q.. Notermans, D.W., Sedeewick G Given w u/ «• ^ 



K 

O 



AV. 
Go 



Wong-Staal. F.. Gallo, R.C., Chang. N T., Ghrayeb j Paim T S . , u. 

J.A.. Pearson, M.L.. Petteway, S R Jr Jvmoffl ' Lau,cnbcr * er < 

E.A., Rafalski. J.A., Doran E R Jos ohs S J \, , J K " Wh,,chorn - cliv 

R.. Hascltine. W.A and Ratner" L m mf r„ T ' ^ KJ " Pa,arca - 

AIDS virus. HTLV-III. ^3,3 2 7 284 " ^ ^ ^ 



the 



mat 

infection. Gene Ther.. I: \3-26. ™ U * gC " C merapy ,0r ™ deli 

An 
Iran: 

H Gc 0dw r, c.; S« Da^S.A. and^Haase' A T 'n 998) «^ 

of CD4 + T cel. repopulauon of lymphoid t.ssues after If Hll ^ 

Proc. Natl. Acad. Sci. USA, 95: 1 1 54- ] 1 59. lr ™™™ of HIV- 1 mfection. b io> 

beei 
rem 
exci 

Key 



IN 



rece 
the : 
The 



